NUCLEIC ACID MOLECULES AND OTHER MOLECULES 
ASSOCIATED WITH PLANTS 
Eield of the Invention 

- % ' The present mvcnuon j. in .he field of ptaH genet.es. More specifically .he mven.ton 
rcia.es .0 nucleic acid molecules and nucleic acd molecules ,ha, con.am markers, in pabular. 
smg ,e nucleoude polymorphism ,SNP) and repe.iuve eicmen. markers, in addi.ion, ,he presen, 
mvenuon provides nucleic acid molecules hav.ng regular, elemen.s or encoding proreins or 
fragments .hereof and nude.c acid molecules presen, in non-cod,„g regions.. The .nvennon also 
re ,a,es .o preens and fragmen.s of pro.ems so encoded and an.ibodies capable of bind.ng .he 
pr„.e,ns. The invenuon also rela.es .o me.hods of us.ng .he nucletc acd molecules, for example, 
for gene iden.ifica.ion and analysis, markers, repentive elemen.s and fragmen.s of repetitive 
elements, regulatory elemen.s, proteins and fragmen.s of proteins. 

It,,, k .M-i.niul of <be Invention 

SEQUENCES. 

, s^uence tagged connectors, or STCs, are sequences of insert data generated from both 
V 'Zm the veetor-tnser, point) of a BAC clone in a genomtc library. These sequences, and 
BACs containmg these STC sequences, can be used, for example, for marker development, 
g ene,ic mapping or linkage analysts, marker assisted heeding, and phys.cal genome mapping 
,Ven.cr, „ ai. Nam*. -364-366 (1996). the en.irc.y of which is herein incorporated by 
reference-. Cho, and Wing. h,,p:/M» ,w.ocnomc,,emson.edu/pro,ocols2-n,h,ml July. 1 998). 
STCs can represen, a copy of up ,o a full length of a mRNA transcript, a promoter element or 
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part of a promoter, can contain simple sequence repeats (also called microsatelliles) repetitive 
elements or figments of repetitive elements, other DNA markers, or any combination thcteol. 

Markers have been used in genetic mapping which can be a step in isolating a gene. 
Genetic mapping or linkage analysis is based on the level at which markers and genes are co- 
inherited (Rothwell, Understanding Genetics. 4' 1 ' Ed., Oxford University Press, New York, p. 
703 (1988). Statistical tests like chi-square analysis can be used to test the randomness of 
segregation or linkage (Kochert, The Rockefeller Foundation International Program on Rice 
Biotechnology, University of Georgia, Athens, GA, pp 1-14 (1989), the entirety of which is 
herein incorporated by reference. In linkage mapping, the proportion of recombinant individuals 
out of the total mapping population provides the information for determining the genetic distance 
between the loci (Young, Encyclopedia of Agricultural Science, Vol. 3, pp 275-282 (1994), the 
entirety of which is herein incorporated by reference). 

Classical mapping studies utilize easily observable, visible traits instead of molecular 
markers. These visible trails are also known as naked eye polymorphisms. These traits can be 
morphological like plant height, fruit size, shape and color or physiological like disease response, 
photoperiod sensitivity or crop maturity. Visible traits are useful and are still in use because they 
represent actual phenotypes and are easy to score without any specialized lab equipment. By 
contrast, the other types of genetic markers are arbitrary loci for use in linkage mapping and often 
not associated to specific plant phenotypes (Young, Encyclopedia of Agricultural Science, Vol. 
3. pp. 275-282 (1994). Many morphological markers cause such large effects on phenotype that 
they are undesirable in breeding programs. Many other visible traits have the disadvantage ot 
being developmentally regulated (i.e., expressed only at certain stages; or in specific tissues and 
organs). Often times, visible traits mask the effects of linked minor genes making it nearly 
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impossible ,o identify desirable linkages for selection « «'•• W'" 64 

( 1989). ihc cnlirely of which is herein incorporated by reference). 

Although a number of important agronomic characters are controlled by loci having 
major effects on phenotype. many economically important traits, such as y,e,d and some forms of 
disease resistance, are quantitative in nature. This type of phenotyp.c variation in a trait ,s 
characterized by continuous, norma, distribution of phenotyp.c values ,n a particular population 
(Beekmann and So.ler, 0,/on, S,,neys of ?,«,,< Modular B,o,o g *. <«■.). Vol. 3, Oxford 

University Press, UK., pp. 196-250 (1986), the entirety of which is here.n incorporated by 
reference,. Such traits are governed by a large number of loct. Quantitative Trait Loci (QTL), 
each of which can make a small positive or negative effect to the final phenotype value of the 
,rait (Beekmann and Soller, Otfonl Survey, ofFia,,, Mo,ec„k,r Biology, Miffen. (ed.), Vol. 3, 
Oxford University Press, U.K., pp. ,96-250 (1986). U,c, contributing to such genetic vanauon 
are often termed minor genes as opposed to major genes with large effects tha, foi.ow a 
Mendelian pattern of inheritance. Polygenic ,ra„s are a,so predicted to fo„ow a Mendelian type 
of inheritance, however the contribution of each locus is expressed as an increase or decrease ,n 
the final trait value. 

Markers have been used ,n physical mapping studies with BAC libraries made from plan, 
genomes. Such mapping stud.es have been carried out in nee (Kim « a,.. Ge„o m ios *:213-218 
,,996, hercn incorporated by reference; Hang. Hon, Mo,. Bio,. 35. -.29-133 ,,997), herein 
incorporated by reference; Zhang and W,ng„ Han, MoL Bio. 5-. 27 ' 1997, herein 
incorporated by reference; Chen „ a,. Fro, Acad. So, iUS.A, W. 343,-3435 (1997, herein 

,„ t . pi,..,, i 7-5">5-533 (1995) herein incorporated by 
incorporated by reference; Wang et ai. Plant J. /. 5-3 ^ V 

; r iar-\W\- 199^ (1998) herein incorporated by 

reference) sorghum (Zwick et al. Genetics 148. 1983 W-WV 
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reference; Zhang, et ai, Molecular Breeding 2: 1 1-24 (1996) the entirety of which is herein 
incorporated by reference) maize, (Chen, el ai, Proc. Acad. Sci. (U.S.A.) 94:3431-3435 (1997). 
■mdArabidopsLs (Kim, et ai, Genomics ^. 213-218 ( 1996) the entirety of which is herein 

incorporated by reference. 

Repetitive elements have been used in physical mapping in cereals (Ananiev, et ai, Proc. 
Acad. Sci. (U.S.A.) 95:13073-8 (1998), the entirety of which is herein incorporated by reference; 
McLean et ai, Mot Gen Genet 253:687-694 (1997), the entirety of which is herein incorporated 
by reference). 

II. SEQUENCE COMPARISONS 

STCs and sequenced BACs can be compared, for example, to sequences that encode 
promoters or proteins. These homologies can be determined by similarity searches (Adams, et 
ai, Science 252:1651-1656 (1991), herein incorporated by reference). 

A characteristic feature of a DNA sequence is that it can be compared with other DNA 
sequences. Sequence comparisons can be undertaken by determining the similarity of the test or 
query sequence with sequences in publicly available or propriety databases ("similarity analysis") 
or by searching for certain motifs ("intrinsic sequence analysis")(e.g., cis elements)(Coulson, 
Trends in Biotechnology, 72:76-80 (1994), the entirety of which is herein incorporated by 
reference; Birren, et ai, Genome Analysis, 7:543-559 (1997), the entirety of which is herein 

incoiporated by reference). 

) Similarity analysis includes database search and alignment. Examples of public databases 

~" } include the DNA Database of Japan (DDBJ)(http://www.ddbi.nig.ac.jp/); Genebank 

thn p^/vvww.ncbi.nlrn nih.aov/web/Genbank/Index.htlm ); and the European Molecular Biology 
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laboratory Nucleic Acid Sequence Database (EMBL) 

( htlp-y/vvww.ebi.ac.Lik/ebi docs/cmbl dh.html ). A number of different search algorithms have 
been developed, one example of which arc the suite of programs referred to as BLAST programs. 
There are fiveMmplementations of BLAST, three designed for nucleotide sequences queries 
(BLASTN, BLASTX, and TBLASTX) and two designed for protein sequence queries (BLASTP 

and TBLASTN) (Cordon, Trends in Biotechnology, 72:76-80 (1994); Birren, et a/., Genome 

\ 

Analysis, 7:543-559 (19^)). 

BLASTN takes a nucleotide sequence (the query sequence) and its reverse complement 
and searches them against a nucleotide sequence database. BLASTN was designed for speed, not 
maximum sensitivity, and may not find distantly related coding sequences. BLASTX takes a 
nucleotide sequence, translates it in three forward reading frames and three reverse complement 
reading frames, and then compares the six translations against a protein sequence database. 
BLASTX is useful for sensitive analysis of preliminary (single-pass) sequence data and is 
tolerant of sequencing errors (Gish and States, Nature Genetics, J/266-272 (1993), the entirety of 
which is herein incorporated by reference). BLASTN and BLASTX may be used in concert for 
analyzing STC data (Coulson, Trends in Biotechnology, 72:76-80 (1994); Birren, et ai, Genome 
Analysis, 7:543-559 (1997). 

Given a coding nucleotide sequence and the protein it encodes, it is often preferable to 
use the protein as the query sequence to search a database because of the greatly increased 
sensitivity to detect more subtle relationships. This is due to the larger alphabet of proteins (20 
amino acids) compared with the alphabet of nucleic acid sequences (4 bases), where it is far 
easier to obtain a match by chance. In addition, with nucleotide alignments, only a match 
(positive score) or a mismatch (negative score) is obtained, but with proteins, the presence of 
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conservative amino acid substitutions can be taken into account. Here, a mismatch may yield a 
positive score if the non-identical residue has physical/chemical properties similar to the one it 
replaced. Various scoring matrices are used to supply the substitution scores of all possible 
amino acid pairs. A general purpose scoring system is the BLOSUM62 matrix (Henikoff and 
Henikoff, Proteins, 77:49-61 (1993), the entirety of which is herein incorporated by reference), 
which is currently the default choice for BLAST programs. BLOSUM62 is tailored for 
alignments of moderately diverged sequences and thus may not yield the best results under all 
conditions. Altschul, J. Mol. Biol 36:290-300 (1993), the entirety of which is herein 
incorporated by reference, uses a combination of three matrices to cover all contingencies. This 
may improve sensitivity, but at the expense of slower searches. In practice, a single BLOSUM62 
matrix is often used but others (PAM40 and PAM250) may be attempted when additional 
analysis is necessary. Low PAM matrices are directed at detecting very strong but localized 
sequence similarities, whereas high PAM matrices are directed at detecting long but weak 
alignments between very distantly related sequences. 

Homologues in other organisms are available that can be used for comparative sequence 
analysis. Multiple alignments are performed to study similarities and differences in a group of 
related sequences. CLUSTAL W is a multiple sequence alignment package available that 
performs progressive multiple sequence alignments based on the method of Feng and Doolittle. 
J. Mol. Evol. 25:351-360 (1987), the entirety of which is herein incorporated by reference. Each 
pair of sequences is aligned and the distance between each pair is calculated: from this distance 
matrix, a guide tree is calculated, and all of the sequences are progressively aligned based on this 
tree. A feature of the program is its sensitivity to the effect of gaps on the alignment; gap 
penalties are varied to encourage the insertion of gaps in probable loop regions instead of in the 
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middle of structured regions. Users can specify gap penalties, choose between a number of 
scoring matrices, or supply their own scoring matrix for both the pairwise alignments and the 
multiple alignments. CLUSTAL W for UNIX and VMS systems is available at: f tp.ebi.ac.uk . 
Another program is MACAW (Schuler et «/., Proteins, Struct. Func. Genet, 9:180-190(1991), 
the entirety of which is herein incorporated by reference, for which both Macintosh and 
Microsoft Windows versions are available. MACAW uses a graphical interface, provides a 
choice of several alignment algorithms, and is available by anonymous ftp at: ncbi.nlm.nih.gov 
(directory/pub/macaw). 

Sequence motifs are derived from multiple alignments and can be used to examine 
individual sequences or an entire database for subtle patterns. With motifs, it is sometimes 
possible to detect distant relationships that may not be demonstrable based on comparisons of 
primary sequences alone. Currently, the largest collection of sequence motifs in the world is 
PROSITE (Bairoch and Bucher, Nucleic Acid Research, 22:3583-3589 (1994), the entirety of 
which is herein incorporated by reference). PROSITE may be accessed via either the ExPASy 
server on the World Wide Web or anonymous ftp site. Many commercial sequence analysis 
packages also provide search programs that use PROSITE data. 

A resource for searching protein motifs is the BLOCKS E-mail server developed by S. 
Henikoff, Trends Biochem St/., 78:267-268 (1993), the entirety of which is herein incorporated 
by reference; Henikoff and Henikoff, Nucleic Acid Research, 79:6565-6572 (1991), the entirety 
of which is here.n incorporated by reference; Henikoff and Henikoff, Proteins. 77:49-61 (1993). 
BLOCKS searches a protein or nucleotide sequence against a database of protein motifs or 
"blocks." Blocks are defined as short, ungapped multiple alignments that represent highly 

ed protein patterns. The blocks themselves are derived from entries in PROSITE as well 



conserve 
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as other sources. Either a protein or nucleotide query can be submitted to the BLOCKS server; if 
a nucleotide sequence is submitted, the sequence is translated in all s.x reading frames and motifs 
are sought in these conceptual translations. Once the search is completed, the server will return a 
ranked Hst of significant matches, along with an alignment of the query sequence to the matched 
BLOCKS entries. 

Conserved protein domains can be represented by two-dimensional matrices, which 
measure either the frequency or probability of the occurrences of each amino acid residue and 
deletions or insertions in each position of the domain. This type of model, when used to search 
against protein databases, is sensitive and usually yields more accurate results than simple motif 
searches. Two popular implementations of this approach are profile searches (such as GCG 
program ProfileSearch) and Hidden Markov Models (HMMs) (Krough, et al, J. Mol Biol. 
235:1501-1531 (1994); Eddy, Current Opinion in Structural Biology 6:361-365 (1996), both of 
which are herein incorporated by reference in their entirety). In both cases, a large number of 
common protein domains have been converted into profiles, as present in the PROSITE library, 
or HHM models, as in the Pfam protein domain library (Sonnhammer, et al, Proteins 25:405- 
420 ( 1997), the entirety of which is herein incorporated by reference). Pfam contains more than 
500 HMM models for enzymes, transcription factors, signal transduction molecules, and 
structural proteins. Protein databases can be queried with these profiles or HMM models, which 
will identify proteins containing the domain of interest. For example, HMMSW or HMMFS, 
two programs in a publ.c domain package called HMMER (Sonnhammer. et al. Proteins 

28:405-420 (1997)) can be used. 

PROSITE and BLOCKS represent collected families of protein motifs. Thus, searching 
these databases entails submitting a single sequence to determine whether or not that sequence i 
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s, m ,lar ,o *e ***** of an established family. Programs working ,n the opposne direction 
compare a collection of sequences w.th indtvidual entries ,n the protein databases. An example 
of such a program is the Motif Search Tool, or MoST (Tatusov. « „/.. P,„c N.,,1. Acatl- Set 
o,;|2091-P-095 (1994). the cnltrety of wh.ch ,s herein incorporated by reference). On the basts 
of an altgned se, of input sequences, a weigh, matrix is calculated by using one of four methods 
(selected by the user,; a wetgh, matnx ts stmply a represent, position by pos.t.on in an 
alignment, of ho* likely a particular am.no acd wil. appear. The calculated weigh, matnx is 
then used ,o search the databases. To increase sensittv.ty, newly found sequences are added to 
the original da,a set, the weight matrix is recalculated, and the search is performed again. This 
procedure continues until no new sequences are found. 

Summary of the Invention 
The present invention provides a substantially purified nucleic ae,d molecule having a 
nucleic ac,d sequence selected from the group cons.stmg of SEQ ID NO: 1 through SEQ ,D NO: 

20082 or complements thereof. 

The present invention also provides a substantially punfied nucleic acid molecule, the 
nucleic acid molecule capable of specifically hybridizing to a second nuc.etc ae,d molecule 
having a nucleic acd sequence selected from the group eo„s,s„n e of SEQ ID NO: 1 through 

SEQ ID NO: 20082 or complements thereof. 

The present invention also provides a substantially purified nucle.c acd molecule 
encoding a protein or fragment thereof, wherein the protein or fragment thereof is selected from 
the group consisting a Glycine nun protein or fragment thereof from Table 1 . 

The present invention also provides a substantially purified nucle.c acd molecule 
encoding a Glycine „u, protein or fragment thereof, wherein the GUane nu, protein or 
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fragment thereof is encoded by a nucleic acid sequence selected from the group consisting of 
SEQ ID NO: 1 through SEQ ID NO: 20082 or complements thereof or fragments of either. 

The present invention also provides a substantially purified proton or fragment thereof 
encoded by a nucle.c acid sequence selected from the group that encodes a Glycine max prote.n 

or fragment thereof from Table 1 . 

The present invention also provides a substantially purified protein or fragment thereof- 
encoded by a first nucleic acid molecule which specifically hybridizes to a second nucle.c acid 
molecule, the second nucleic acid molecule selected from the group that encodes a Glycine max 
protein or fragments thereof from Table 1 . 

The present invention also provides a substantially purified prote.n or fragment thereof 
encoded by a nucleic acid molecule comprising a nucleic acid sequence se.eeted from the group 
consisting of SEQ ID NO: 1 through SEQ ID NO: 20082 or complements thereof or fragments of 



either. 



The present invention also provides a transformed ceil having a nucleic acid molecule 
which comprises: (A) an exogenous promoter region wh 1C h functions in the cell to cause the 
production of a mRNA molecule; which is linked to (B) a structural nucleic acid molecule, 
wherein the structura. nucleic acid molecule encodes a protein or fragment thereof selected from 
the group consisting of a Glycine max protein or fragment thereof in Table 1 ; which is linked to 
(C) a 3' non-translated sequence that functions in the cell to cause termination of transcription 
and addition of polyadenylated ribonucleotides to a 3' end of the mRNA molecule. 

The present invention also provides a plant cell, a mammalian cell, a bacterial cell, an 
insect cell and a fungal cell transformed with a nucleic acid molecule of the present invention. 



- 10- 



15786) A 



The present invention also provides a computer readable medium having recorded 
thereon one or more of the nucleotide sequences depicted in SEQ ID NO: 1 through SEQ ID NO: 
20082 or complements thereof. 

The present invention also provides a computer readable medium having recorded 
thereon one or more of the nucleotide sequences encoding a protein or fragment thereof, wherein 
the protein or fragment thereof is selected from the group consisting of a Glycine max protein or 

fragment thereof in Table 1. 

The present invention provides a computer readable medium having recorded thereon one 
or more of the nucleotide sequences depicted in SEQ ID NO: 1 through SEQ ID NO: 20082. 

The present invention provides a method of introgressmg a trait into a plant comprising 
using a nucleic acid marker for marker assisted selection of the plant, the nucleic acid marker 
complementary to a nucleic acid sequence selected from the group consisting of SEQ ID NO: 1 
through SEQ ID NO: 20082 or complements thereof, and introgressing the trait into a plant. 

The present invention provides a method for screening for a trait comprising interrogating 
genomic DNA for the presence or absence of a marker molecule that is genetically linked to a 
nucleic acid sequence complementary to a nucleic acid sequence selected from the group 
consisting of SEQ ID NO: 1 through SEQ ED NO: 20082 or complements thereof; and detecting 
the presence or absence of the marker. 

The present invention provides a method for determining the likelihood of the level, 
presence or absence of a trait in a plant comprising the steps of: (A) obtaining genomic DNA 
from the plant; (B) detecting a marker nucleic acid molecule: the marker nucleic acid molecule 
whercn the marker nucleic ac.d molecule specifically hybridizes with a nucle.c acid sequence 
that is genetically linked to a nucle,c acid sequence complementary to a nucleic acid sequence 
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selected from the group consisting of SEQ ID NO: 1 through SEQ ID NO: 20082 or 
complements thereof; (C) and determining the level, presence or absence of the marker nucleic 
acid molecule, wherein the level, presence or absence of the marker nucleic acid molecule is 
indicative of the likely presence in the plant of the trait. 

The present invention provides a method for determining a genomic polymorphism in a 
plant that is predictive of a trait comprising the steps: (A) incubating a marker nucleic acid 
molecule, under conditions permitting nucleic acid hybridization, and a complementary nucleic 
acid molecule obtained from the plant, the marker nucleic acid molecule having a nucleic acid 
sequence selected from the group consisting of SEQ ID NO: 1 through SEQ ID NO: 20082 or 
complements thereof; (B) permitting hybridization between the marker nucleic acid molecule and 
the complementary nucleic acid molecu.e obtained from the plant; and (C) detecting the presence 

of the polymorphism. 

The present invention provides a method of determining an association between a 
polymorphism and a plant trait comprising: (A) hybridizing a nucleic acid molecule specific for 
the polymorphism to genetic material of a plant, wherein the nucle.c acid molecule comprises a 
nucleic acid sequence selected from the group consisting of SEQ ID NO: 1 through SEQ ID NO: 
20082 or complements thereof; and (B) calculating the degree of association between the 
polymorphism and the plant trait. 
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nptail^H Description o f the Invention 
Agents of the invention: 
(a) Nucleic Acid Molecules 

Agents of the present invention include nucleic acid molecules and more specifically 
BACs and STC nucleic acd molecules or nucleic acid fragment molecules thereof. 

A subset of the nucleic acid molecules of the present invention includes nucleic acd 
molecules tha, are marker molecules. Another subset of the nucleic molecules of the present 
invention include nucleic ac,d molecules tha, are promoters and/or regulatory elements. Another 
subset of the nucleic acd molecules of ,hc present invention include nucleic acid molecules that 
encode proteins or fragments of proteins. In a preferied embodiment the nucleic acid molecules 
of the present invent.cn are derived from G/yc« ,„<u (soybean) and more preferably Glycine 
max, genotype A3244 (Asgrow, Des Moines, Iowa). 

Fragment STC nucleic acid molecules and fragments of BACs may encode stgn.fican, 
portions) of, or indeed most of, the STC orBAC nucleic acd molecule. In addition, a fragment 
nucleic acid molecule can encode a Glycine ,nc protem or fragment thereof. Alternately, the 
fragments may comprise smaller oligonucleotides <hav,„g from about ,5 to about 250 nucleotide 
residues, and more preferably, about 15 to about 30 nucleotide residues). 

The term "substantially purified", as used herein, refers to a molecule separated from 
substanttally all other molecules normally assoctated with it in its native state. More preferably a 
substantially purified molecule is the predominant spcc.es present in a preparation. A 
s„bs.an.,ally purified molecule may be greater than 6(» free, preferably 75» free, more 
preferably 90* free, and most preferably 95* free from the other molecules (exclusive of 
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solvent) present in the natural mixture. The term "substantially purified" is not intended to 
encompass molecules present in their native state. 

The agents of the present invention will preferably be "biologically active" with respect to 
either a structural attribute, such as the capacity of a nucleic acid to hybridize to another nucleic 
acid molecule, or the ability of a protein to be bound by an antibody (or to compete with another 
molecule for such binding). Alternatively, such an attribute may be catalytic, and thus involve 
the capacity of the agent to mediate a chemical reaction or response. 

The agents of the present invention may also be recombinant. As used herein, the term 
recombinant means any agent (e.g., DNA, peptide etc.), that is, or results, however indirect, from 
human manipulation of a nucleic acid molecule. 

It is understood that the agents of the present invention may be labeled with reagents that 
facilitate detection of the agent (e.g., fluorescent labels (Prober, et al, Science 258:336-340 
(1987); Albarella et al, EP 144914, chemical labels (Sheldon et al, U.S. Patent 4,582,789; 
Albarella et al, U.S. Patent 4,563,417, modified bases (Miyoshi et al, EP 1 19448, all of which 
are hereby incorporated by reference in their entirety). 

It is further understood, that the present invention provides bacterial, viral, microbial, 
insect, fungal and plant cells comprising the agents of the present invention. 

The genetic variability resulting from transposablc elements ranges from changes in the 
size and arrangement of whole genomes to changes in single nucleotides. They may produce 
major effects on phenotypic traits or small silent changes detectable only at the DNA sequence 
level. Transposable elements may also produce variation when they excise, leaving small 
footprints of their previous presence (Kidwell and Lisch, Proc. Natl. Acad. Sci. (U.S.A.) 94:7704- 
7711 (1997)). 
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|„ audition, other markers such as AFLP markers. RFLP markers. RAPD markers, 
phcnotyp.c markers or isozyme markers ea„ be utilized (Walto, Seed W„r,d 22-20 (July. (99,,. 
the entirety of which ,s herein incorporated by reference; Burow and Blake. Maiccuk, />,,„■„,», 
ofO,,,,^ Tra„, 13-29. Eds. Paterson, CRC Press. New York ( .988). the enttrety of which is 
herein mcorporated by reference,. DN A markers can be developed from nucletc acid molecules 
using restriction endonucleases, the PCR and/or DNA sequence information. RFLP markers 
result from single base changes or msertions/deletion, These codominan. markers are highly 
abundant in plan, genomes, have a medium level of polymorphism and arc developed by a 
combination of restriction endonuelcase digestion and Southern blotting hybridization. CAPS 
are similarly developed from restriction nuclease digestion but only of specific PCR products. 
These markers are also codommant, have a medium level of polymorphism and are highly 
abundant in the genome. The CAPS result from single base changes and ,„ser,,ons/dele,ions. 
Another marker type. RAPDs, are developed from DNA amplification with random primers and 
result from single base changes and i„sert,ons,dele„ons ,n plant genomes. They are dominant 
markers with a medium level of polymorphisms and are highly abundant. AFLP markers require 
using the PCR on a subset of restriction fragments from extended adapter primers. These 
markers are both dominant and codominant. are highly abundant in genomes and exhibit a 
medium level of polymorphism. SSRs require DNA sequence information. These codom.nan, 
markers result from repeat length changes, are highly polymorphic, and do no, exhibit as high a 
degree of abundance in ,he genome as CAPS. AFLPs and RAPDs. SNPs also require DNA 
sequence information. These codom.nan, markers result from single base substitutions. They 

are highly abundan, and exh.bi, a medium of polymorphism (Rafalski, e, aL In: N«ma «ta 

Co ,„,a»«te, ed. Buren and La,. Academic Press. San Diego, CA, pp. 75-134 (.996). ,he 
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entirety of wh,ch « hc.cn mcorporated by rcfccnce, Methods to such markers are 

known in the art. 

Long Terminal repeat rctrotransposons and MITB have been found to be assocuted will. 
,he genes of many flams where some of the opposable elemems contnbutc regulatory 
sequences. Mim such as ,he Tourist element ,n mai,e and the S ,m,„„,,y element in Sorghum 
are found frequently ,n the 5' and 3' noncoding regions of genes and are frequently assocated 
w.th the regulatory reg,ons of genes of diverse flowering plants (Kidwel. and Usch. Free. NaH. 
Acad. Sc. (U.S.A.) 94:7704-77 1 1 (1997)). It is understood thai one or more of the Long 
Terminal repeat re.ro.ransposons and/or MITES may be a marker, and even more preferably a 

marker for a gene. 

(ii) Nucleic Acid Molecules Comprising Regulatory Elements 

Another class of agents of the present invention are nucle.c acid molecules having 
promoter regions or partial promoter regions, including those .ocated within SEQ ID NO: 1 
through SEQ ID NO:20082. Such promoter regions are typically found upstream of the 
trinucleotide ATG sequence at the start site of a protein coding region. 

As used herem, a promoter region is a region of a nuc.eic acid molecule that is capable, 

functi on in a way that directs expression of one or more mRNA mo.ecu.es that encodes for the 

protein or fragment thereof. 

Promoters of the present invention can include between about 300bp upstream and about 
,0kb upstream of the tnnucleottde ATG sequence a, the star, stte of a protem coding regton. 
Promoters of the present invention can preferably mclude between about 300bp upstream and 
about 5kb upstream of the trmucleottde ATG sequence a, the start sue of a protem coding regton. 
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Promo.crs or * prcscm ,nvcn,,o„ «, more preferably include between abou, MObp upstream 
and about 2kb upstream of the mnuclcobde ATG sequence a, ,hc star, sue of a pro.cn coding 
region. Promo.ers of the present ,nven tl0 n can include between abou, MObp ups.rcam and abou. 
IM> upstream of .he Nucleotide ATG sequence a, .he s.ar. si.e of a pro.e.n ceding reg.on. 
While in many c.rcums.ances a 300bp promo.er may be sufficient for expression, addi.ional 
sequences may ac, to further regula.e expression, for example, in response to biochemical, 
developmental or environmental signals. 

It is also preferred that the promoters of the present invention contain a CAAT and a 
TATA cis element. Moreover, the promoters of the present invents can contain one or more 
cis elements in addition to a CAAT and a TATA box. 

By "regulatory element" it is intended a series of nucleotides that determines if, when, 
and at what level a particular gene is expressed. The regulatory DN A sequences specf.ca.ly 
interact with regulatory or other proteins. Many regulatory elements act in cis Ccis elements") 
and are believed to affect DNA topology, producing local conformations that selectively allow or 
restrict access of RNA polymerase to the DNA template or that facilitate selective opening of the 
double helix at the site of transcriptional initiation. Cis elements occur within, but are not 
Hmited to promoters, and promoter modulating sequences (inducible elements ). Cis elements 
can be identified us.ng known cis elements as a target sequence or target motif in the BLAST 

programs of the present invention. 

Promoters of the present invention include homologues of cis elements known to effect 
gene regulation that show homology with the nuc.e.c acid molecules of the present invention. 
These cis elements include, but are not Hmited to, oxygen responsive civ elements (Cowen, et al 
J Biol. Chem. 268(36): 26904-269 10 (1993) the entirety of which is herein incorporated by 
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reference), Hght regulatory elements (Bruce and Quail., Plant Cell 2 ,//,,081-.089 (1990) the 
entirety of wmch is herein incorporated by reference; Bruce, e, aL EMBO J. 70:30.5-3024 
( 1991), the entirety of which is herein incorporated by reference; Rocholl, et al. Plant Sci. 
97: 189-198 (1994), the entirety of which is herein incorporated by reference; Block, et al, Proc 
Natl. Acad. Sci. (U.S.A.) 87:5387-5391 (1990), the entirety of which is herein incorporated by 
reference; Giu.iano, et al. Pro, Natl. Acad Sci. (U.S.A, 85. 7089-7093 (1988), the entirety of 
wh ,ch is herein incorporated by reference; Staiger, * aL Proc. Natl. Acad. Sci. (U.S.A, 86:6930- 
6934 (1989), the entirety of which is herein incorporated by reference; Izawa, et aL Plant Cell 
6: 1277-1287 (1994), the entirety of which is herein incorporated by reference; Menkens, et aL 
Trends in Biochemistry 20,506-510 (1995), the entirety of which is herein incorporated by 
reference; Foster, et al, FASEB J. 8: 192-200 (1994), the entirety of which is here.n incorporated 
by reference; Plesse, et al, Mol Gen Gene 254:258-266 (1997), the entirety of which is herein 
incorporated by reference; Green, et al, EMBO J. 6:2543-2549 (1987), the entirety of which is 
herein incorporated by reference; Kuhlemeier et al, Ann. Rev Plant Physiol. 38:221-257 (1987), 
the entirety of which is herein incorporated by reference; Villain et al, J. Biol. Chen, 
277:32593-32598 (1996), the entirety of which is herein incorporated by reference; Lam et al. 
Plant Cell 2:857-866 (1990), the entirety of which is herein incorporated by reference; Gilmartin, 
et al. Plant Cell 2:369-378 (1990), the entirety of which is herein incorporated by reference; 
Datta, et al. Plant Cell 7:1069-1077 (1989) the entirety of which is herein incorporated by 
reference; Gilmartin, et al. Plant Cell 2:369-378 (1990), the entirety of which is here.n 
incorporated by reference; Castresana, et al, EMBO J. 7; 1929-1936 (1988), the entirety of which 
is herein incorporated by reference; Ueda, et al. Plant Cell 7:217-227 (1989), the entirety of 
which is herein incorporated by reference; Terzaghi, et al, Ann, Re, Plant PHysiol. Plant Mol. 
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Biol. 46:445-474 (1995), the entirety of which is herein incorporated by reference: Green „ al.. 
KM BO J. 6:2543-2549 (1987), the entirety of which is herein incorporated by reference: Villain, 
et al. J- Biol. Chem. 277:32593-32598 (1996), the entirety of which is herein incorporated by 
reference: Tjaden, et al., Plant Cell 6: 107-1 1 8 (1994), the entirety of which is herein 
incorporated by reference: Tjaden, et al., Plant Physio,. ,08: 1 109-1 1 17 ( 1995), the entirety of 
which is herein incorporated by reference: Ngai, et al. Plant J. 72:1021-1234(1997), the entirety 
of which is herein incorporated by reference: Bruce, et al., EMBO J. 70:3015-3024 (1991), the 
entirety of which is herein incorporated by reference: Ngai, et al, Plant J. 12: 1021-1034 ( 1997), 
the entirety of which is herein incorporated by reference), elements responsive to gibberellin, 
(Muller, et al, J. Plant Physiol 745:606-613 (1995), the entirety of which is herein incorporated 
by reference: Croissant, et al. Plant Science 776:27-35 (1996), the entirety of which is heron 
incorporated by reference: Lohmer, et al, EMBO J. 70:617-624 (1991), the entirety of which is 
herein incorporated by reference: Rogers, et al. Plant Cell 4:1443-145 1 (1992), the entirety of 
which is herein incorporated by reference; Lanahan et al. Plant Cell 4:203-21 1 (1992) the 
entirety of which is herein incorporated by reference; Skriver et al, Proc. Natl. Acad. Sci. 
iU.SA.) 88:7266-7270 (1991) the entirety of which is herein incorporated by reference; 
Gilmartin, et al. Plant Cell 2:369-378 (1990), the entirety of which is herein incorporated by 
reference; Huang, et al. Plant Mol Biol 74:655-668 (1990), the entirety of which is herein 
incorporated by reference, Gubler, et al. Plant Cell 7:1879-1891 (1995), the entirety of which is 
herein incorporated by reference), elements responsive to abscs.c acid, (Busk, et al. Plant Cell 
9:2261-2270 ( 1997), the entirety of which is herein incorporated by reference: Guiltinan. et al. 
Science 250:267-270 (1990), the entirety of which is herein incorporated by reference: Shen, et 
al. Plant Cell 7:295-307 ( 1995) the entirety of which is herein incorporated by reference: Shen 
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el al. Plant Cell 8:\ 107-1 1 19 (19%), the entirety of which is herein incorporated by reference; 
Seo el al. Plant Mol Biol. 27: 1119-1131 (1995), the entirety of which is herein incorporated by 
reference; Marcotte el al.. Plan, Cell 1:969-976 (1989) the entirety of wh.ch is herein 
incorporated by reference; Shen el al., Plan, Cell 7:295-307 (1995), the entirety of which is 
here.n incorporated by reference; Iwasaki e, al., Mol Gen Gene, 247:391-398 (1995), the 
entirety of which is herein incorporated by reference; Hattori et al, Genes Dev. 6:609-6 1 8 
(1992), the entirety of which is herein incorporated by reference; Thomas et al, Plant Cell 
5: 1401-1410 (1993), the entirety of which is herein incorporated by reference), elements sim.lar 
to abscisic acid responsive elements, (Ellerstrom , ? al, Plant Mol Biol 32:1019-1027 (1996), 
the entirety of which is herein incorporated by reference), auxin responsive elements (Liu et al, 
Plant Cell 6:645-657 (1994) the entirety of which is herein incorporated by reference; Liu et al, 
Plant Physiol 1 15:397-407 (1997), the entirety of which is herein incorporated by reference; 
Kosugi et al, Plant J. 7:877-886 ( 1995), the entirety of which is herein incorporated by 
reference; Kosugi et al, Plant Cell 9: 1607-1619 (1997), the entirety of which is herein 
incorporated by reference; Ballas et al, J. Mol Biol 233:580-596 (1993), the entirety of which is 
herein incorporated by reference), a cis element responsive to methyl jasmonate treatment 
(Beaudoin and Rothstein, Plan, Mol Biol 33:835-846 (1997), the entirety of which is herein 
incorporated by reference), a cis element responsive to abscisic acid and stress response (Straub 
et al. Plant Mol. Biol 26:617-630 (1994), the entirety of which is herein incorporated by 
reference), ethylene responsive cis elements (Itzhaki et al, Proc. Natl Acad. Sci. (U.S.A.) 
91:8925-8929 (1994), the entirety of which is herein incorporated by reference; Montgomery et 
al, Proc. Acad. Sci. (U.S.A.) 90:5939-5943 (1993), the entirety of which is herein incorporated 
by reference; Sessa et al, Plant Mol. Biol. 28: 145-153 (1995). the entirety of which is here.n 
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:„rporatcd by reference; Shinshi ,, al. Plant Mol. Biol. 27:923-932 (1995), the entirety of 
,hich is herein incorporated by reference), salicylic acid cis responsive elements, (Strange ,/ al. 
Plant J. 1 1:1315-1324 (1997), the entirety of which is herein incorporated by reference; Qin et 
al. Plant Cell 6:863-874 ( 1994), the entirety of which is herein incorporated by reference), a cis 
element that responds to water stress and abscsic acid (Lam et al, J. Biol. Chem. 266:17131- 
17135 (1991), the entirety of which is herein incorporated by reference; Thomas et al. Plant Cell 
5:1401-1410 (1993), the entirety of which is herein incorporated by reference; Pla et al. Plant 
Mol Biol 21:259-266 (1993), the entirety of which is herein incorporated by reference), a cis 
Cement essent.a. for M phase-spec, fic expression (Ito et al. Plant Cell 10:331-341 (1998), the 
entirety of which is herein incorporated by reference), sucrose responsive elements (Huang et al. 
Plant Mol. Biol. 14:655-668 (1990), the entirety of which is herein incorporated by reference; 
Hwang et al. Plant Mol Biol 36:331-341 (1998), the entirety of which is herein incorporated 
by reference; Gnerson et al. Plant J. 5:815-826 (1994), the entirety of which is herein 
incorporated by reference), heat shock response elements (Pelham et al. Trends Genet. 1:31-35 
(1985), the entirety of which is herein incorporated by reference), elements responsive to auxin 
and/or salicylic acid and also reported for light regulation (Lam et al, Proc. Natl. Acad. Sci. 
(U.S.A.) 86:7890-7897 (1989), the entirety of which is herein incorporated by reference; Benfey 
et al. Science 250:959-966 (1990), the entirety of which is herein incorporated by reference), 
lements responsive to ethylene and salicylic acid (Ohme-Takagi et al. Plant Mol. Biol. 15:941- 
946 (1990), the entirety of which is herein incorporated by reference), elements responsive to 
wounding and abiotic stress (Loake et al, Proc. Natl. Acad. Sci. (U.S.A.) 89:9230-9234 (.992), 
the entirety of which is herein incorporated by reference; Mhiri et al. Plant Mol Btol. 33:257- 
266 (1997), the entirety of which is herein incorporated by reference), antox.dant response 
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elements (Rushmore „ al. J. Biol Chen, 266: 1 1632-1 .639. the entirety of which is herein 
incorporated by reference; Dalton al. Nucleic Acids Res. 22:50 ,6-5023 ( 1994), the entirety of 
which is herein incorporated by reference), Sph elements (Suzuki al. Plan, Cell 9:799-807 
1997), the entirety of which is herein incorporated reference), Elictor responsive elements, 
(Fukuda et al. Plant Mol Biol 34:81-87 (1997), the entirety of which is herein incorporated by 
reference; Rushton al. EMBO J. 15:5690-5700 (1996), the entirety of which is here.n 
incorporated by reference), metal responsive elements (Stuart et al, /to 317:828-831 (1985), 
the entirety of which is herein incorporated by reference; Westin ,/ al. EMBO J. 7:3763-3770 
(1988), the entirety of wh.ch is herein incorporated by reference; Thiele et al. Nucleic Acids 
Res. 20:1 183-1 191 (1992), the entirety of which is herein incorporated by reference; Faisst et al, 
Nucleic Acids Res. 20:3-26 (1992), the entirety of which is herein incorporated by reference), low 
temperature responsive elements, (Baker et al, Plant Mol Bid 24:701-7 13 (1994), the entirety 
of wh.ch is herein incorporated by reference; Hang et al, Plant Mol Bid. 30:679-684 (1996), the 
entirety of which is herein incorporated by reference; Nord.n et al. Plant Mol Bid 21:641-653 
(1993), the entirety of which is herein incorporated by reference; Zhou et al, J. Biol Chen, 
267:23515-23519 (1992), the entirety of which is here.n incorporated by reference), drought 
responsive e.ements, (Yamaguch, et al. Plant Cell 6:25 1-264 ( 1994). the entirety of which is 
herein incorporated by reference; Wang et a.., Plant Mol Biol 28:605-617 ,1995), the entirety of 
wh.ch is herein incorporated by reference; Bray EA, Trends in Plant Science 2:48-54 (1997), the 
entirety of which is herein incorporated by reference) enhancer elements for glutenin. (Colot et 
al. EMBO J. 6:3559-3564 (1987), the entirety of which is herein incorporated by reference; 
Thomas et al. Plant Cell 2:1 171-1180 (1990), the entirety of which is incorporated by reference; 
Kre,s et al. Philos. Trans. R. Sac. Land.. B3 14:355-365 (1986), the entirety of which is herein 
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incorporated by reference), light-independent regulatory elements, (Lagrange et til.. Plant Cell 
9:1469-1479 (1997), the entirety of which is herein incorporated by reference; Villain et al, J. 
Biol. Chem. 271:32593-32598 ( 1996), the entirety of which is herein incorporated by reference), 
OCS enhancer elements, (Bouchez et al, EM BO J. 8:4197-4204 (1989), the ent.rety of which is 
herein incorporated by reference; Foley et al.. Plant J. 3:669-679 (1993), the entirety of which is 
herein incorporated by reference), ACGT elements, (Foster et al, FASEB J. 8: 192-200 (1994), 
the entirety of which is herein incorporated by reference; Izawa et al, Plant Cell 6: 1277-1287 
(1994), the entirety of which is herein incorporated by reference; Izawa et al, J. Mol Biol. 
230:1 131-1 144 (1993) the entirety of which is herein incorporated by reference), negative d.v 
elements in plastid related genes, (Zhou et al. J. Biol Chem. 267:235 15-23519 (1992), the 
entirety of which is herein incorporated by reference; Lagrange et al, Mol Cell Biol. 13:2614- 
2622 (1993), the entirety of which is herein incorporated by reference; Lagrange et al, Plant Cell 
9: 1469-1479 (1997), the entirety of which is herein incorporated by reference; Zhou et al, J. 
Biol. Chem. 267:23515-23519 (1992), the entirety of which is herein incorporated by reference), 
prolamin box elements, (Forde et al, Nucleic Acids Res. 13:7327-7339 (1985), the entirety of 
wh.ch is herein incorporated by reference; Colot et al, EMBO J. 6:3559-3564 (1987), the 
entirety of which is herein incorporated by reference; Thomas et al, Plant Cell 2:1 171-1 180 
(1990), the entirety of which is herein incorporated by reference; Thompson et al, Plant Mol. 
Biol. 15:755-764 (1990), the entirety of which is herein incorporated by reference; Vicente et al, 
Proc. Natl. Acad. Sci. (U.S.A.) 94:7685-7690 (1997), the entirety of which is herein incorporated 
by reference), elements in enhancers from the IgM heavy chain gene (Gillies et al, Cell 33:717- 
728 (1983), the entirety of which is herein incorporated by reference; Whittier et al, Nucleic- 
Acids Res. 15:25 15-2535 (1987), the entirety of which is herein incorporated by reference. 
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(iii) Nucleic Acid Molecules Comprising Genes or Fragments Thereof 

Nucleic acid molecules of the present invention can comprise one or more genes or 
fragments thereof. Such genes or fragments thereof include homologues of known genes or 
protein coding regions in other organisms or genes or fragments thereof that elicit only limited or 
no matches with known genes or prote.n coding regions. Table 1 sets forth a list of nucle.c acid 
molecules that encode Glycine max proteins or fragments thereof which are homologues of 
known proteins. 

genomic sequences can be screened for the presence of prote.ns or genes utilizing one or 
* number \ different search algorithms have that been developed, one example of which are the 
suite of programs referred to as BLAST programs. Other examples of suitable programs that can 
be utilized are known in the art, several of which are descnbed above in the Background and 
under the section tk.ed "Uses of the Agents of the Invention." In addition, unidentified reading 
frames may be scree* d for protein coding regions by prediction software such as GenScan, 
which is located at hm^gnotr^ «nndfnrd rdu/GENSCANW.htmi. 

In a preferred embodiment of the present invention, the Glycine max protein or fragment 
thereof of the present invention is a homologue of another plant protein. In another preferred 
embodiment of the present invention, the Glyane max prote.n or fragment thereof of the present 
mention is a homologue of a fungal protein. In another preferred embodiment of the present 
.nvent.on, the Glycine max prote.n or fragment thereof of the present invention is a homologue of 
a mammalian prote.n. In another preferred embodiment of the present invention, the Glycine 
max protein or fragment thereof of the present invention is a homologue of a bacterial protein. 

In a preferred embodiment of the present invention, the Glycine max protein or fragments 
thereof or nucleic acid molecule or fragment thereof has a BLAST score of more than 200, 
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preferably a BLAST score of more than 300, even more preferably a BLAST score of more than 
400. 

In another preferred embodiment of the present invention, the nucleic acid molecule 
encoding the Glycine max protein or fragment thereof and/or nucleic acid molecule or fragment 
thereof exhibits a % identity with its homologue of between about 25% and about 40%, more 
preferably of between about 40 and about 70%, even more preferably of between about 70% and 
about 90%, and even more preferably between about 90% and 99%, In another preferred 
embodiment, of the present invention, the Glycine max the nucleic acid molecule encoding the 
Glycine max protein or fragment thereof exhibits a % identity with its homologue of 100%, 

In a preferred embodiment of the present invention, the Glycine max protein or fragment 
thereof or nucleic acid molecule or fragment thereof exhibits a % coverage of between about 0 % 
and about 33%, more preferably of between about 34% and about 66%, and even more preferably 
of between about 67% and about 100%. 

Genomic sequences can be screened for the presence of proteins utilizing one or a 
number of different search algorithms have that been developed, one example of which are the 
suae of programs referred to as BLAST programs. Other examples of suitable programs that can 
be utilized are known in the art, several of which are described above in the Background. 
Nucleic acid molecules of the present invention also include non-Glycine max homologues. 
Preferred non-Glycine max homologues are selected from the group consisting of alfalfa, 
Arabulopsis barley, Brassica, broccoli, cabbage, citrus, cotton, garlic, oat, oilseed rape, onion, 
canola, flax, an ornamental plant, maize, pea, peanut, pepper, potato, rice, rye. sorghum, 
strawberry, sugarcane, sugarbeet, tomato, wheat, poplar, pine, fir, eucalyptus, apple, lettuce, 
lentils, grape, banana, tea, turf grasses, sunflower, oil palm, and Phaseohis. 
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In a preferred embodiment, nucleic acid molecules having SEQ ID NO: 1 through SEQ 
ID NO: 20082 or complements and fragments of either can be utilized to obtain such 



homologues. 

of the eenetic code, vvmcn anow^ umuu.i ..^.^ n 



The degeneracy of the genetic code, which allows different nucleic acid sequences 
code for the same proton or pept.de, is known in the literature. (U.S. Patent No. 4,757,006, the 
entirety of which is herein incorporated by reference). 

In an aspect of the present invention, one or more of the nucleic acid molecules of the 
present invention differ in nucleic acid sequence from those encoding a soybean protein or 
fragment thereof in SEQ ID NO: 1 through SEQ ID NO: 20082 due to the degeneracy in the 
aenetic code in that they encode the same protein but differ in nucleic ac.d sequence. 

In another further aspect of the present invention, one or more of the nucle.c acid 
molecules of the present invention differ in nucleic acid sequence from those encoding a soybean 
protem or fragment thereof in SEQ ID NO: 1 through SEQ ID NO.20082 due to the fact that the 
different nucleic acid sequences encode a protem having one or more conservative amino acid 
residues. 

It is understood that codons capable of coding for such conservative am.no acid 

substitutions are known in the art. 

It is well known in the art that one or more amino acids in a native sequence can be 
substituted with another ammo acid(s), the charge and polarity of which are Similar to that of the 
native ammo acid, ,,,, a conservat.ve amino acid substitution, resulting in a silent change. 
Conserved substitutes for an ammo acid within the native polypeptide sequence can be selected 
from other members of the class to which the naturally occurring amino acid belongs. Amino 
acids can be divided into the following four groups: (1) acidic amino acids. (2) bas.c amino 
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acids, (3) neutral polar ammo acids, and (4) neutral nonpolar am.no acids. Representative amino 
acids with.n these various groups include, but are not limited to, ( 1 ) acidic (negatively charged) 
am.no acids such as aspart.c acid and glutamic acid; (2) bas.c (positively charged) amino ac.ds 
such as arginine, h.st.d.ne, and lysine; (3) neutral polar amino acids such as glycine, serine, 
threonine, cysteine, cystine, tyros.ne, asparagine, and glutamine; and (4) neutral nonpolar 
(hydrophobic) amino acids such as alan.ne, leucine, isoleucine, valine, proline, phenylalanine, 

tryptophan, and methionine. 

Conservative amino ac.d changes within the native polypeptides sequence can be made 
by substituting one amino acid within one of these groups with another amino acid within the 
same group. Biologically functional equivalents of the prote.ns or fragments thereof of the 
present invent.on can have 10 or fewer conservative amino acid changes, more preferably seven 
or fewer conservative amino ac.d changes, and most preferably five or fewer conservative am.no 
acid changes. The encoding nucleotide sequence will thus have corresponding base substitutions, 
permuting it to encode biologically functional equivalent forms of the proteins or fragments of 
the present invention. 

It is understood that certain amino acids may be substituted for other amino acids in a 
protein structure without appreciable loss of interactive binding capacity with structures such as, 
for example, antigent-binding regions of antibodies or bind.ng sites on substrate molecules. 
Because it is the interactive capacity and nature of a protein that defines that protein's biological 
functional activity, certain amino ac.d sequence subst.tutions can be made in a protein sequence 
and, of course, its underlying DNA coding sequence and. nevertheless, obtain a protein with like 
properties. It is thus contemplated by the inventors that various changes may be made in the 
pept.de sequences of the prote.ns or fragments of the present invention, or corresponding DNA 
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scqu e„ces that encode sa,d peptides, w.thou, apprcaabic toss of iher b* g ,ci„ u.m„ or 
acuv „, „ 1S understood tha, colons capabie of coding sue, amino acd changes are . 

the art. 

,„ mak.n, sue, changes, the hydropathic ,ndc* of ammo ac,ds may be conferee, The 
importance or the hydropathic armno ac,d ,„de* in confer interact,. b,o,o g ,ca, function on a 

herein incorporated by reference ,n ,,s entirety, « is accepted that the reiat.ve hydropathic 

in „ define, the interaction of the pro,e,n w,,h other moiecuies, for exampie. enzymes, 
substrates, receptors, DNA, antibodies, an.tgens, and the like. 

Eac h amino ac,d has been assigned a hydropathic index on tbe basis of ,,s bydropbobiCy 
and ebar g e characteristics (Kyte and Ooobtde, ,982); these are ,so,euc,ne < + 4,>, vaiine <<«,. 
, eucinc (t3 ,,. phenyiaianine <+,*>, cys,e,„e,cys,,„e < + 2,>, methionine aianine < + U>. 

u • rn 7^ serine (-0 8) tryptophan (-0.9), tyrosine (-1.3), proline (-1.6), 
glycine (-0.4), threonine (-0.7), serine (v.a),uyv v 

t ^ ^ elutamine (-3 5), aspartate (-3.5), asparagine (-3.5), lysine (- 
histidine (-3.2), glutamate (-3.5), glutamine ^ s.j), v 

3 9), and arginine (-4.5). 

,„ making such changes, the substitution of amino acids whose hydropathic indices are 
m ,h,„ ± 2 ,s preferred, tbose which are within * . are part.cuiar,, preferred, and those within + _0, 

are even more particularly preferred. 

„ , s a ,so understood in the an that the substitution of hke am.no acids can be made 
el ,eet,ve,y on tbe bas.s of hydrophihet, U.S. Patent ««..».. m^rated herein by reference 
in , ls entirety, states tha, the g rea,es, ioca, average hydro P b,„c,„ of a protein, as gover. by the 
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As detuned in U.S. Patent 4.554,101, the following hydrophilieity values have been 
assigned to am.no acid residues: argininc (+3.0), lysine (+3.0). aspartate (+3.0+1 ), glutamate 
( + 3.0±1), serine (+0.3), asparag.ne (+0.2), glutam.ne (+0.2), glycine (0), threonine (-0.4), proline 
<-0.5±l), alanine (-0.5), hist.d.ne (-0.5), cysteine (-1.0), methionine (-1.3), valine (-1.5), leucine 
(.1.8), .soleucine (-1.8), tyrosine (-2.3), phenylalanine (-2.5), and tryptophan (-3.4). In making 
such changes, the substitution of amino ae.ds whose hydrophilieity values are within ±2 is 
preferred, those which are with.n ±1 are particularly preferred, and those within ±0.5 are even 

more particularly preferred. 

In a further aspect of the present invention, one or more of the nucleic acid molecules of 
the present invention differ in nucle.c acid sequence from those encoding a protein or fragment 
thereof set forth in SEQ ID NO: 1 through SEQ ID NO: 20082 or fragment thereof due to the fact 
that one or more codons encoding an amino acid has been substituted for a codon that encodes a 
nonessential substitution of the amino acid originally encoded. 

(iv) Nucleic Acid Molecules Comprising Introns and/or Intron/Exon 
Junctions 

Nucleic acid molecules of the present invention can comprise an intron and/or one or 
more intron/exon junction. Sequences of the present invention can be screened for introns and 
intron/exon junctions utilizing one or a number of different search algorithms that have that been 
developed, one example of which are the suite of programs referred to as BLAST programs. 
Other examples of suitable programs that can be utilized are known in the art, several of which 
are described above in the Background and in the section entitled "Uses of the Agents of the 
Present Invention". 
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(b ) Protein and Peptide Molecules 

A Cass of *m comprises one or more of .he pro.cn or pop.* molecules 
encode, by SEQ ID NO: 1 through SEQ ID NO:20082. fragments .hereof or compicmcn.s 

seouence or targe. mo,f in ,he BLAST program, of the presen. inven.,0, ,n a prefen-ed 

,„,ide molecules of .he presen. inven.ion are derived from Glyc.e 
embodimenl, Ihe pro.e.n or peptide molecules 01 v 

„,„v (soybean) and more preferably Glycine »«v, genotype A3244. 

u „dergo modified, .ncluding pos-ransMiona, modifications, such as, bu, not limited to, 
disulf ,de bond formation, glycosylate phosphorylation, or oligomer, Z a„„, Thus, as used 

ornithine, homocysteine, and homoserine. 

One or more of the protein or fragments of W ..de molecules may he produced via 

Sunable me.hods for expression are described by Sambroo, „ a,.. ***** A 

(1989). or similar texts. 
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A .. pr „,c,n f«mcn," ,s a pep* or poiypcpude moieadc ,hosc ammo ac,d sequence 

compnses one or more addu.onal pep.de reg,ons no, denved from ,ha, pro.cm „ a 
pro.em Such moiecuies may be denized ,o con.a.n carbohydra.c or o,her mo.e.ics .such as 
ke yho,e Hmpe, hemocyanm. e,c,,. Fusion P-m or pep.ide moiecules of .he presen. ,nve,ion 
are preferably produced via recombinant means. 

A „o,her Cass of agen.s compnses pro.em or F p,ide mo,ecu,es encoded by SEQ ID NO: 
, .hrough SEQ ID NO:200 82 or comp,emen,s .hereof or, fragmen.s or fusions .hereof ,n wh.ch 
conserve, no,essen,ia,. or no, re,evan,, amino ae,d res.dues have been added, repiaced, or 
de ,e,ed An exampie of such a homologue ,s ,he homoiogue pro,e,n of a„ no„- G ,,c- - P« 

garhc oai, Cseed rape, onion. cano,a. Ha, ma, Z e. an ornament p,an,, pea, peanu,, pepper, 
p„,a,o, nee, rye, sorghum, s.rawbe., sugarcane, sugarbee,, ,oma,o. whea, pop,ar, pme, „r, 
euMypms, appie, ieUuce, peas, len.i.s, grape, banana, ,ea, .urf grasses, e,c. Pa rt ,cu,ar iy 

prefer non- G ,v* ~* P>- » — - - °< ™" ^ ^ 

bar ,ey, colon, con,, oa, odseed rape, rice, com, eano,a, ornament, sugarcane, sugarbee,, 

me.hods. Mos, preferably, as ,nd,ca,ed above, one or more of ,he disced seouences (SEQ ,D 
NO- 1 .hrough SEQ ID NO:200« or complement .hereof, wi.i be used ,o define a pa,r of 
primers ,ha, may be used ,o ,so,a,e ,he homologue-encoding nucie.c acid mo,ecu,es from any 
des ,red speces. Such moiecules can be expressed ,„ y,e,d homoiogues by recombman, means. 
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(c) Antibodies 

One aspect of the present .mention concerns antibodies, single-chain antigen binding 
molecules, or other prote.ns that specifically bind to one or more of the protein or peptide 
molecules of the present invention and their homologies, fusions or fragments. Such antibodies 
may be used to quantitatively or qualitatively detect the protein or peptide molecules of the 
present invention. As used herein, an antibody or peptide is said to "specifically bind" to a 
protein or peptide molecule of the present invention if such binding is not competitively inhibited 
by the presence of non-related molecules. In a preferred embodiment the antibodies of the 
present invention bind to proteins derived from Glycine max (soybean) and more preferably bind 
to proteins or fragments thereof of Glycine max, genotype A3244. 

Nucleic acid molecules that encode all or part of the protein of the present invention can 
be expressed, via recombinant means, to yield protein or peptides that can in turn be used to elicit 
antibodies that are capable of binding the expressed protein or peptide. Such antibodies may be 
used in immunoassays for that protein. Such protein-encoding molecules, or their fragments may 
be a "fusion" molecule (i.e., a part of a larger nucleic acid molecule) such that, upon expression, 
a fusion protein is produced. It is understood that any of the nucleic acid molecules of the 
present invention may be expressed, via recombinant means, to yield proteins or peptides 
encoded by these nucleic acid molecules. 

The antibodies that specifically bind proteins and protein fragments of the present 
invention may be polyclonal or monoclonal, and may comprise intact immunoglobulins, or 
antigen binding portions of immunoglobulins (such as (F(ab'), F(ab') 2 fragments), or single-chain 
immunoglobulins producible, for example, via recombinant means). It is understood that 
practitioners are familiar with the standard resource materials which describe specific conditions 
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and procedures tor the construction, manipulation and isolation of ant.bod.es (see, for example, 
Harlow and Lane, Antibodies: A Moratory Manual Cold Spring Harbor Press, Cold Spring 
Harbor, New York (1988), the entirety of vvh.ch is herein incorporated by reference). 

Murine monoclonal ant.bod.es are particularly preferred. BALB/c m.ce are preferred for 
this purpose, however, equivalent strains may also be used. The an.mals are preferably 
.mmunized with approx.mately 25 ug of purified prote.n (or fragment thereof) that has been 
emulsified in a suitable adjuvant (such as TiterMax adjuvant (Vaxcel, Norcross, GA)). 
Immunization is preferably conducted at two intramuscular sites, one .ntraperitoneal site, and one 
subcutaneous site at the base of the tail. An addit.onal i.v. injection of approximately 25 ug of 
antigen is preferably given in normal saline three weeks later. After approximately 1 1 days 
following the second injection, the mice may be bled and the blood screened for the presence of 
ant,-protein or peptide ant.bod.es. Preferably, a direct binding Enzyme-Linked Immunoassay 
(ELISA) is employed for this purpose. 

More preferably, the mouse having the highest antibody titer is given a third i.v. injection 
of approximately 25 M g of the same protein or fragment. The splenic leukocytes from this animal 
may be recovered 3 days later, and are then permitted to fuse, most preferably, using 
polyethylene glycol, with cells of a suitable myeloma cell line (such as, for example, the 
P3X63Ag8.653 myeloma cell line). Hybridoma cells are selected by culturing the cells under 
"HAT" (hypoxanthine-aminoptenn-thymine) selection for about one week. The resulting clones 
may then be screened for their capacity to produce monoclonal ant.bod.es ("mAbs"), preferably 
by direct ELISA. 

In one embodiment, anti-protein or peptide monoclonal antibod.es are .solated us.ng a 
fusion of a prote.n, protein fragment, or pept.de of the present invention, or conjugate of a 
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protein, protein fragment, or peptide of ,hc present mvennon. as immunogens. Thu S . for 
example, a group of mice can be immumzed using a fu S ,on protem emuls.fied ,„ Freund's 
complete ad,uva„t <e,,, approximately 50 pg of antigen per ,-,-)■ A, fhree week 
mtervals. an identical amount of antigen U emuls.ned ,n Freund's incomplete adjuvant and used 
,o immunize the an,ma,s. Ten days following the ,h,rd immunization, serum S a m p,es are taken 

method. 

,„ a prefer procedure for obtaining monoclonal an,ibod,es, the spleens of the above- 
desenbed immunized m ,ce are removed, disrupted, and tmmune splenocytes are isolated over a 
f,c„,l gradtent. The isolated spienocytes are fused, using polyethylene glycol w,.b BALB/c- 
derived HOPRT (hypoxanthine guanine phosphonbosyl transferase) deficient P3x63xAg8,6 5 3 
plasmacytoma ce„s. The fused ce„s are plated into 96- W e„ microtiter plates and screened for 
nybndoma fusion cells by thetr capacity to grow in culture medtum supplemented with 
nypothanthine, aminoptenn and thymtdine for approximately 2-3 weeks, 

Hybridoma cells tha, anse from such incubatton are preferably screened for their capacity 
,o produce an immuncglobuhn tha, binds ,„ a protetn of interest. An tndtrec, EUSA ma, be 
used for this purpose. In bnef, the supematants o, hybndomas are incubated m micrott.er wells 
,„ a , contatn immobilized protein. After washing, the titer of bound immunoglobulin can be 
determined us.ng, for example, a goa, anti-mouse antibody conjugated to horseradish peroxidase. 
Mte, additional washtng. the amount of immobilized enzyme ,s determtned ,for example 
through the use of a chromogemc substrate,. Such screenmg ,s performed as outck.y as possible 
a fter the identification of the hybndoma ,„ order to ensure that a desired Cone ,s no, overgrown 
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by non-sccrc.tng neighbors. Destrably. Che fusion plates arc screened several ,,mcs since .he 
,a,es of hybndoma grow.h vary. In . preferred sub-emb„d,mcnt, , different antigenic form of 
.mmunogen may be u S ed to screen ,he hybndoma. Thus, for example, .he splenocy.es may be 
mmun.zed with one .mmunogen, bu, ,he rcsul.tng hybndomas can be sereened using a d.fferen. 
mmunogen. I, is understood .h». any of .he pro.ein or peptide molecules of the presen, 
invention may be used to raise antibodies. 

As diseased below, sueh antibody moleeules or their fragments may be used for 
diagnostic purposes. Where .he anttbod.es are tntended for dtagnostie purposes, i, may be 
desirable to derivatize them, for example w.th a ligand group (such as b.ottn) or a detectable 
marker group (sueh as a fluorescent group, a radioisotope or an enzyme). 

The ability to produce antibodies that btnd the protein or peptide molecules of the present 
invention permits the identification of mtmet.c compounds of those molecules. A "mimetic 
compound" ,s a compound ,ha, is no, that compound, or a fragment of tha, compound, bu, whrch 
nonetheiess exhtb.ts an abihty to specifically btnd to antibodies dtrected against tha, compound. 

,, is understood that any of the agents of the presen, invention can be substanttally 
purified and/or be biologically active and/or recombinant. 
Uses of the Agents of the Invention 

Nucleic acd molecules and fragments thereof of the presen. mvention may be employed 
f„ r genetic mapping studtes using l.nkage analysts (genetic markers,. A genettc Hnkage map 
shows the relative locauons of specific DNA markers along a chromosome. Maps are used for 
,he identification of genes assocated with genettc dtseases or pheno.ypic tra.ts. comparative 
genomics, and as a gutde for physical mapptng. Through genetic mapptng, a fine scale hnkage 
map can be developed ustng DNA markers, and. then, a genomic DNA Itbrary of large-stzed 
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fragments can be screened w,,h molecular markers linked u, .he desired ,ra„. In a preferred 
cmbodimcn. of the present invention, the genomic horary screened wi.h .he nuclc.c acid 
molecules of .he presen. invention is a genomic library of W.uw mm- 

Mapping marker loca.ions ,s based on .he observation ,ha, two markers loca.ed near each 
other on .he same chromosome w.ll ,e„d .o be passed together from paren, .„ offspring. Duong 
gamete production, DNA s.rands occasional break and rejoin in differen. places on ,he same 
chromosome or on .he homologous chromosome. The closer .he markers are to each other, .he 
more tightly hnked and the less l.kely a recomhma.ion even, w„l fall between and separa.e ,hem. 
Reeomb,na.,on frequency .bus provides an estimate of .he d.s.ance be.ween .wo markers. 

in segrega.ing populations, urge, genes have been reported .„ have been piaced w,,h,n 
an interval of 5- 10 cM wi.h a high degree of certain,, (Tanksley e, al, Trent, m &*to 
,/(2):63-68 (1995), the en,ire,y of which is heretn incorpora.ed by reference). The markers 
defining .h,s in.erva, are used to screen a larger segregating popula.ion .0 identify individuals 
denved from one or more game.es containing a crossover in ,he given mtervaL Such individuals 
are useful in onent.ng o,her markers Coser ,0 ,he ,arge, gene. Once identified, these indivtdua.s 
can be analyzed in relation to al, molecular markers within the region to identify those closes, ,o 
the target. 

Markers of the presen, invention can he employed to construct linkage maps and to locate 
genes with qualitative and quantitative effects. The genetic linkage of additional marker 
"molecules can be established by a genetic mapping mode, such as, wi.hou, l,mi.a«„n, ,he 
flanking marker mode, reported by Lander and Bo,s„, **** 12*1 <'*»• ** 
in,erva, mapping, based on maximum hkehhood me.hods desenbed by Lander and Bo,s,e,n, 
Genencs. J2M85-I99 (1989). the entirety of which is herem incorporated by reference and 



- 36 



|2 1(157 80) A 

^ » the JTp^ MAPMAKER/QTL « and Under. - 

c 

mqqo» Additional software includes Qgene, Version 2,3(1W 
Research, Massachusetts, (1990)). Addit.c 

^ rf ^«-^*~ M, - < ^ UB, *° ,i, '- U,,,, - N • 

software is a particularly preferred approach. 

, • fMT F) for the presence of a marker is calculated, 
A maximum likelihood estimate (MLE) tor p 

• no OTL effect to avo.d false positives. A log,o of an odds rat,o 
together with an MLE assuming no QTL effect, 

ron w (MLE for the presence of a QTL/MLE given no linked 
(LOD) is then calculated as: LOD = log.o (MLb P 

QTL) 

The LOD score essentially indicates how much more likely the data are to have arisen 

TU t nn threshold value for avoiding a 
„f ., nTl . than in its absence. The LOD thresnoiu 
assuming the presence of a Q 1 L man i 

„ j^nds 0 n the number of markers and the 
false pos.tive with a given confidence, say 95%, depends 

Romagosa (eds.) Chapman & Hal,, London, pp. (.993). 

A ddi„onalmode,scanheused.Many m od,fica,io„sanda,tenta,iveapproaches,„ 

^^^^^^^^^ 

: s , )P roceed,ngsofthe N m,hMee,,„go f ,he E uca.,aSec,,onB,ome,rics,nP,an,Breed,„ g , 
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^ a „ «, M****. «~ * " - ° ije - ,anS£ " ^ 
97:33-37 (1995). 

(1988uhee „ tirety „ f * h , Sh e re , n ,„ C„— mUStb e,, n 
t0 progeny in a narrow cross ,adap<ed * adapted). 

„i,tinn se ore°atin2 for all the genes in 
. p nl,nt is selfed to senerate a population segre c au e 

Usually a single Fi plant is sent-u „ 
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d0SSll , d F , p0 p„,a„o„ • — — ^ MCaSU ' emCn ' " UnUSe 
Heredll , Me.huen and 0, < .»». *c en,,,, of which ,s herein ,ncorp„ra,cd * ^nce, ,n 

, res.st.nce) or where trail expression is controlled by a QTL. 

reflect genotype (e.g.. disease resistance! o 

Segregate dala from progeny tes, populalions (e.g., F, or BCF„ can be used ,„ map 

■ (F F ) where linkage groups have not been completely disassociated by 
trait map associations (F,, F,), where nnKa e s 

recombination events (i.e., maximum disequilibrium,. 

Recombinan, inbred lines < R 1D (genetically related lines; usually >F„ developed from 
continuously selfing F : lines towards homozygosity, can be used as a mapping popular. 

^ — — ^-'-^^-^ ,aL, --- ,,,,0e, " 

„usornear,y S o.Underco n d,,,on S on,gh,,,n k age ( ,,,bout<lC*recombinat,„„,, 

,„div,dual than either marker type m backeross populous (Reitcr. Proc. «. W Sa. 
(USA , S ,,477-,48, (W2). However, as the d.stance between markers becomes larger (i.e.. 

compared to codominant markers. 

Backcr0 s S populations (e.g., generated from a cross between a successful vanety 
(recmCT ,parenl ) anda„otbcrvar,e,y(do„„rpare„Oca, T y,nga,ra,,no,presen,,n,heformer ) 
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can be tfhtf as . ™pp.ng population. A senes of backcrosses >o the recurrent parent can no 
made to recover most of Us desiraMe .ra„s. Th» . P<>P«'a.ion » — «'*• * 
individuals near,, „ke the recurrent paren. b„, each tndtvidual cames varying amoun.s or mosaic 
of genomic regions from .he donor paren.. Backcross populations can be useful for nrapptng 
dominant markers ,f a„ loci in .he recurrent parent are homozygous and the donor and recurrent 
paren. have contrasting polymorphic marker alleles (Reiter e, al. Pro, Abrf. W. S*. (USA., 
s9: ,477-.4 8 l (1992). Information obtained from backcross populations using either codomtnan. 
„ domtnan, makers is less ,ha„ ,ha, ob.atned from F 3 populattons because one, rather than two. 
recombinant gametes are sampled per plan, Backcross populations, however, are more 
tnformauve (a, low marker saturation) when compared .o RILs as the distance between tinked 
loci increases in RIL populations (i.e., abou, 0. 15% recombination), .nereased recombination 
can be beneficial for resolution of tight linkages, bu. may be undesirable ,n the construction of 

maps with low marker saturation. 

Nea„s„genic lines (NE-Xcrea.ed by many backcrosses .o produce an array of individuals 
th a, are nearly identical in genetic composition except for ,he «ra„ or genomic region under 
.negation) can be used as a mapping population. In mapping w,,h NfLs, only a portion of the 
polymorphic loci are expected to map to a selected region. 

Bulk segregan, analysis (BSA) is a method developed for the rapid identification of 
„nkage be.ween markers and traits of tnteres, (Mtche.more, « «/., Proc. M. W «■ <"■>"■> 
«8:9828-9832 (1991). In BSA, two bulked DNA samples are drawn from a segregating 
population originating from a single cross. These bulks contain ,nd,v,dua,s ,ha, are identical for 
a particular .rait (res.stan, or susceptible ,„ particular disease, or genomic region bu. arbi.rary at 
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r i n<\ tn the target renion will not differ 
unlmkcd regions (,c. hcero^ygousl. Regions un.mkcd u, - 

between the bulked samples of many individuals in BSA. 

ApplK u,,„ns for - B * P- -ed,n g ,ne,ude: Qn-abve T,a„ UC «JTU 

. i r „„, ri 17-797-803 1 1987); Osborn « «f. fl'«> r - 
incorporaied by reference); N,enhu,s e, al. Cop Sa. -7- 

Appl vmm « »m — • <"' "* " fRFLPS '" " , 
^u^^^^--■ 0 ^ ,JttnM,5,,m,, " 

^ 78-26 < I9S9,. rbe enbrely of wn.cb is berein meowed by reference; Tan k s!ey , . 
„ Bi „,J, ^O^ — - — 7-,8 2( ,«,, th een t ,re l y 

(19 ,0, , h een t ,re,yofwbic h ,s h eremmeor T ora,edb y refere„ce;Ke,m. ll /, G «,- 
742 ( ,990), ,be en.ire.y of wb.cb ,s berem meowed by reference, ^ 

, , „ , c- ; - WSA, 88:2336-2340 < 1991), <beem,re ly of wh.cb.s herein 

„/ Proc. Natl. Acad. Sa.( U.S.*. ) 

, „ , o->.oq ^6(1991), the entirety 
mcorporafed by reference; Messe g uer „ r, 77,e„, A*. 82.5.9 536 
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reference: D.crs „ * C« V ** 32,77-383 , m2, » of whieh is herein ,„corpora,ed * 

reference, 77,,,,, 83:608-6,2 (1992,, .he em-nay of whk-h ,s hcrcm ineorpora.ed by 

reference, / mm N* 15:2127-2136 (.992). .he en.ircy of vvb.ch » herem incorpomed by 
reference: Doebley c, * *~ «K ^ ,,.5,,, 87:9888-9892 ( ,990,, the en,,re,v of 
which ,s herein incorporated by reference,, screens genetic resource strams for usefu, 
cauantitafve ,ru„ alleles and tntrogression of these aileles tnto commercta, vaneues (Beckmann 
and Seller, near. A*. Oe, K , 67:35-43 .,983,, ,he e„.,re,y of wh.ch is herem ineorpora.ed by 
reference: Tanksley „ „/. (1989, .be entirety of whtch is ineorpora.ed by reference), or ,he 

mapping of mutauons ( Rafalski, « a,.. In: M, — *»■ Gnome A***,, ed. Birren and 

Ui, Academtc Press, San D.ego, CA, pp. 75-134 ( ,996,. Add,,iona„y, markers can be used to 
characterize transform^ or germp.asm. as a genehc diagnostic test for plan, breeding or ,„ 
identify ,nd,v,d U a,s or vanet.es (Soller and Beckmann, T„eo, A PP l Gen,. 67:25-33 (,983,, 
the entirety of which is herein incorporated by reference: Tanksley « a,. .989, Markers also can 
be used ,o ob,a,n information abou,: ( 1 , .be number, effect, and chromosomal location of each 
gene affecting a ,rai,: (2, effecs of mu.tip.e cop.es of ind.vidua, genes (gene dosage,: (3, 
interaction between/among genes con.rollmg a ,ra, t (ep.s.asis): (4) whether individual genes 
affec, more .ban one «ra„ (p.eiofropy,: and (5, s.ab,.,,, of gene function across env.ronments ,0 
x E interactions). 

„ , s understood tba, one or more of the nucle.c acid mo.ecules of ,he present invention 
may ,„ one embodiment be used as markers in gene,, mapp.ng. In a prcfencd embodtmen, 
„„c,cic acid molecules of ,be presen, invention may ,n one embodtmen, be used as market, w,,b 
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Phys.ca, mapp,n g . ,n conjunction wi,h hnkugc anaiys.s. can enab.e ,he ,so,a,,„n of genes. 

,„e chromosome wa,Mng technique can be used ,o find the genes va overling Cones. For 
c _e w*n, random mo,ccu,ar ^ or established mo,ecu,ar ,in k a g e maps are used 
,„ conduct a search to ,oca„ze the g ene adjacent ,0 one or more markers. A chromosome wa, 
(BuRanov and Ber g , Mo. M,, ro «, 17:509-523 (,994,. ,he entirety of which is hercn 

, ne entire,, „f which is herein incorporated by reference, Wenze, and Hermann, to* 
Re! ,„ 8323-8336, ( ,988). the entirety of which ,s hcretn ineorpora.ed hy reference, is then 

specific for the ends of ,he insert DNA are synthesized and used as probes ,n hybridizations 
aga ms, a represen t a,,ve hbrary. Cones hybnd,z,ng wt.h one of the prohes are picked and serve 
as temp.ates for the synihesis of new probes; by subsequent ana.ys.s. contigs are produced. 

The degree of overiap of the hybndiztng clones used to produce a contig can be 
determined b, compare restnc.on ana.ysis. Comparative restneiion anaiysis can be ca m ed 

endonuCeases ,oca.ed a, the same d,s,ance from each other. The most fre,uen„y used 

procedures are, ^ (CO** « * «~ «• ^ '"^ 

{m6 , the e„,ire,y of which is here.n incorporated hy reference,, Knot, « <„.. N„*,c Ac* Re, 

,60601-26.2 (.988). the enurety o, which is herein incorporated by reference; E, g ,me,cr „ .... 
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Mol. Microbiol. 7(2):: 197-206 (1993). the entirely of which is herein incorporated by reference, 
1993), restriction fragment mapping (Smith and B.rnstiel, Nucleic Acids Res. 3:2387-2398 
(1976), the entirety of which is herein incorporated by reference, or the "landmark.ng" technique 
(Charlebo.s et al, 1 Mol Biol. 222:509-524 (1991 ), the entirety of which is herein incorporated 

by reference 

To generate a physical map of a genome with BACs us.ng the fingerprinting technique, a 
BAG library containing a number of clones equivalent to 4X-20X haploid genome can be used. 
(Zhang and Wing ., Plant Mol. Bio. 35: 1 15-127 (1997)). For example, BAC DNA can be 
purified with the conventional alkaline lysis procedure as used for p.asm.d DNA purification, 
digested with the restriction enzyme used for construction of the BAC librar.es and end-labeled 
with 32 P-dATP, digested with Sau3AI and fractionated on a denaturing polyacrylam.de gel. The 
eel is dried to chromatography paper and exposed to X-ray film. Fingerprints are scanned and 
then converted into database records, according to the positions of each band relative to the 
bands of the closest molecular-weight marker on a gel. The incoming database of fingerprints 
are first compared against each other to assemble cont.gs if overlapped, and then compared 
against all existing databases to place the incoming BACs and BAC contigs in established 
contigs if overlapped. The physica. length of a contig in kb is estimated according to the number 
of restriction sites of the enzyme used for the first digestion prior to fragment end labeling 

Restriction analysis of a certain clone can be carried out, for example, according to a 
m ethod originally described by Smith and Berst.el, Nucleic Acids Res. 3:2387-2398 ( .976), 
First, the number and size of cloned restriction fragments to be mapped are determined by 
complete d.gest.on and agarose gel electrophoresis. Then, the Cone is linearized at a unique 
restriction site outs.de of the cloned DNA. Aliquots of the linearized molecules are digested to 
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different extents with the enzyme selected for mapping. These partially cut samples are 
separated on agarose gels, blotted, and hybridized to a labeled fragment of vector DNA. Th.s 
probe is denved entirely from one side or the other of the unique site used to Imeanze the clone. 

The results show a ladder of DNA fragments that have the same unique end. By 
repeating these analyses in pa.rs with all the neighboring intermediate DNA fragments, the 
correct order of restriction fragments as well as the orientation of the cloned insert can be 
deduced. The order of restriction fragments produced by restriction enzymes other than the 
cloning enzyme can be determined similarly. Fragment data from different enzymes are then 
combined by a computer program and compared with the alignments of other clones of the 
library (Kohara et al. Cell 50:495-508 (1987), the entirety of which is herein incorporated by 
reference). 

The landmarking technique can be carried out without any labeling and relies on agarose 
gel analysis. Clones are first digested preferably with a 6 bp specific endonuclease A, if possible 
w,th the original clone enzyme. Clones are then digested with a second endonuclease B. 
Endonuclease B is chosen based on its ability to cut rarely in the genome, for example, on 
average only once in 30 kbp. Of the fragments generated by digestion of one clone with enzyme 
A, statistically only a small number (between zero and three fragments) will also be cut by 
enzyme B. The very specific pattern of those fragments which are produced by double digestion 
are easily recognized. Any of these fragments which have a restriction site for the rarely cutting 
endonuclease is called a "landmark" Generally one common landmark is sufficient for defining 

two overlapping clones. 

Alternatively to chromosome walking and the associated comparative restriction analyses 
methods, chromosome landing also has been reported to be used to locate a gene of interest 
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, ■ r //P)-6V68( 1995). the entirety of which is herein 

(Tanksley <-r «/.. Trends m Genetics 1 1U).M OM 

10 scre en ,he hbrary and , S o,a,e < « ".and" on. *e Cone con,a,n,n g *. 8 cne -on, 
enromosome w*n, Gen„ m e covera g e of a horary can a.so he de.ermined h y cross- 
hybnd , zat ,o„o f ,n d W Wu aMa rg e,n S e rt c,„ne S ^ CT een,n g aB A C,,^w,, h s,n g ,ecop sRF LP 

mato s d.s.nW randonr, aero, ,he g eno m e h y hyh^o, To as.rc accuracy o, ,he 
physi ca, m a, ,he m ar k er S shou.d be s,n g ,e-co Py or of S in g ,e,oc„s o„ g ,n. ,f m.^e-cop, 

C„_e ,nd,n g of lar g e-,nse« Cones usin g chromosome-speafic DNA mar*, 
such „ STSs microsa-cmes, RFLPs, « Cher ^ can con.UK P h y s,ca, and g ene,,c m a P s 

„ a, O^s .48: ,983-1992 (I** .he enhre.y of which i. herein incorpora.ed b y 

marto or BAC co** by BAC-FISH <FI— „, S,, Hybnd iZ a t ,o„>, a fechn.one ,ha. 
hybndiz a, i0 n , g na, S are ■nd.v.dnahy a„a, yZ ed by F.SH ,o me.aph.e chromosonre spreads. The 

an ,„ ta£lch _e.TheF 1 SHofaBACsCec.ed.Vo m aBACco,, g »,*ec l ,yp,ace te 
BAC co„„ g ,o a specne c— re g ,„n and cs.abhsh a „nU g e rc,a,,onsh,ps of rhe BAC 
contisto another BAC contig . 
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reference,. A -seed" BAC ,nse« can he sequenced and ,hen STCs and ,hc corresponding BAG 
of each STC can be p,aced on *c sconced mscr, us,ng *c BLASTN program. Marker or gene 
containing STCs can be determined by the BLASTN program and .heir corresponding B ACs can 
he hybridized .. specific chromosomes using BAOF1SH (Zw.ck „ at, >«= ,983-IW 

(1998)). 

STCs can be used to idemil y a minimum tiling path of B ACs by computational 
procedures. Any nucleat.on sequence , the sequence of an entire BAC, for example) can be 
electronically compared ,o a database of STCs to identify the next clones to be sequenced to 
maximally extend a contig. Chosen STCs need ,„ occupy correct positions in the tiling path. 
Several factors can contribute to errors in the pos,„onmg and selection of these clones. An STC 
,ha, contains al, or part of a repetitive element can appear to a„gn a. any par, of the growing 
mosaic which contains that element. One method of selecting the appropnate BAC is to mask 
out all sections of DNA sequence which are known to be repetitive elements. The sequence 
symb„,s of these section are replaced with Ns. These sections of DNA are no, used to align ,he 
STC. STCs which are completely composed of Ns are discarded. In this way, the unmasked 
sections of DNA may be aligned against the growing mosaic without misplacing them due to 
redundant sequence. A program publicly available, PowerBLAST includes a number of options 
for masking repetitive elements and low complex,,, subsequences (Zhang and Madden, Ge,u„„ 
ft.., 7:649-56 ( 1997), ,he entirety of which is herein incorporated by reference. cDNA and 
.enom, libraries also can he used as probe sources, ,hus direcly combming ,he ordering of ,he 
ge„„m,c DNA w,,h ,he localuat.on of .ranscribed sequences. By , Simultaneous hybndi;a,,on ,o 
the genomic and back to ,he transcnp.ional libraries, resul.s are produced on sequence 
homologies between transcribed sequences. 
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I, ,s understood that the nucleic acid molecules of .he present invention may in one 
embodiment be used in physical mapping. In a preferred embodiment nucleic and molecules of 
the present invention may in one embodiment be used ,„ the physical mapping of Glyd,,, mm. 

Nucleic acid molecules of the present invention can be used in comparative mapping 
(physical and genetic). Comparative mapping within families provides a method to the degree of 
sequence conservation, gene order, plo.dy of species, ancestral relationships and the rates a, 
which individual genomes are evolving. Comparative mapping has been carried ou, by cross- 
hybridizing molecular markers across species with.n a given family. As in genetic mapping, 
molecular markers are needed bu, instead of dtrec, hybridization to mapping filters, the markc, 
are used to select large insert clones from a total genomic DN A library of a related speces. The 
selected clones, each a representative of a single marker, can then be used to physically map the 
region in the targe, speces. The advantage of this method for eom P ara.,ve mapping is tha, no 
mapping population or linkage map of the targe, speces is needed and the clones may also be 
used in other closely related species. By comparing the results obtained by genetic mapping in 
model plants, with those from other speces, similarities of genomtc struc.ure among plan.s 
speces can be es.ablished. Cross-hybridization of RFLP markers have been reported and 
conserved gene order has been es.ablished in many studtes. Such macroscopic synteny is utilized 
for the estimation of correspondence of loci among these crops. These loe, include not only 
Mendelian genes bu, also Quantitative Trait Loc, <QTL) (Mohan « <,/., M„L<a,l„r BreeSn, 
3:87- 103 ( 1 997 ), .he entirety of which is herein incorporated by reference. 

„ ,s understood that markers of the present invention may in another embodiment be used 
,„ comparative mapping. In a preferred embodiment the markers of present invention may be 
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used in the comparative mapping of Glycine clanclesuna. Glycine gracilis. Glycine soja, Glycine 

lomentella, and Glycine tabciina 

The nucleic acid molecules of the present invention can be used to identify 
po.ymorph.sm, In one embodiment, one or more of the STC nucleic acid mo.ecu.es or a BAG 
nucleic acd molecule (or a sub-fragment of either) may be employed as a marker nucleic acid 
molecule to identify such polymorphisms). Alternatively, such polymorphisms can be detected 
through the use of a marker nuc.e.c acid molecule or a marker proton that is genetically linked to 
(i.e., a polynucleotide that co-segregates with) such polymorphism(s). 

in an alternative embodiment, such polymorphisms can be detected through the use of a 
marker nucleic acid molecule that is physically linked to such polymorphism^). For this 
purpose, marker nucleic acid molecules comprising a nucleotide sequence of a polynucleotide 
located within 1 mb of the polymorphism(s), and more preferably within 100 kb of the 
polymorphism^), and most preferably within 10 kb of the polymorphism^) can be employed. 

The genomes of an.mals and plants naturally undergo spontaneous mutation in the course 
of their continuing evolution (Gusella, Ann. Re, Biochem. 55:831-854 (1986)). A 
"polymorphism" is a variation or difference in the sequence of the gene or its flanking regions 
that arises in some of the members of a species. The variant sequence and the "original" 
sequence co-exist in the species' population. In some instances, such co-existence is in stable or 

quasi-stable equilibrium. 

A polymorphism is thus said to be "allelic," in that, due to the existence of the 
polymorphism, some members of a species may have the original sequence (i.e., the original 
"allele") whereas other members may have the variant sequence (i.e., the variant "allele"). In the 
simplest case, only one variant sequence may exist, and the polymorphism is thus sa.d to be di- 



-49 



Pl( 15786)A 



allelic. In other oases, .he spee.es' population may contain multiple alleles, and the 
polymorphs i, termed tri-allel.e. e.e. A smgle gene may have multiple different unrelated 
polymorphisms. For example. ,, may have a dt-allehc polymorphism a, one sue. and a mult,- 

allelic polymorphism at another site. 

The variation that defines the polymorphism may range from a single nueleot.de variation 
t0 the insertion or deletion of extended regions within a gene. In some cases, the DN A sequence 
variations are in regions of the genome that are characterized by short tandem repeats (STRs) that 
include tandem di- or tri-nucleotide repeated motifs of nucleotides. Polymorphisms 
characterized by such tandem repeats are referred to as "variable number tandem repeat" 
("VNTR") polymorphisms. VNTRs have been used in identity analysis (Weber, U.S. Patent 
5,075,217; Armour, et al, FEES Lett. 307: 113-115 (1992); Jones, et al, Eur. J. Haematol. 
39:144-147 (1987); Horn, et al, PCT Application WO91/14003; Jeffreys, European Patent 
Application 370,719; Jeffreys, U.S. Patent 5,175,082; Jeffreys et al, A,ne, J. Hum. Genet. 
39:1 1-24 (1986); Jeffreys et al. Nature 316:16-19 (1985); Gray, et al., Proc. R. Acad. Soc. Land. 
243:241-253 (1991); Moore, et al. Genomics 70:654-660 (1991); Jeffreys, et al,Anim. Genet. 
,8:1-15 (1987); Hil.el, et al, Anim. Genet. 20:145-155 (1989); Hil.el, et al. Genet. 724:783-789 
(1990), all of wh,ch are herein incorporated by reference in their entirety). 

The detection of polymorphic sites in a sample of DNA may be facilitated through the use 
of nuc.e,c acid amplification methods. Such methods specifically increase the concentration of 
polynucleotides that span the polymorphic site, or include that site and sequences located either 
distal or prox.ma. to it. Such amplified molecules can be readily detected by gel e.ectrophores.s 
or other means. 
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The most preferred method of achieving such amplification employs ihe polymerase 
chain reaction ("PCR") (Mullis. <; ui. Cold Spri,,, llarhvr S>„>. Qm,,,. Biol. 5/;263-273 
,,986,-. Erl.ch, European Patent Appl, 50.424; European Paten, Appln. 84,7%, European 
Paten, Application 258,0,7. European Paien, Appln. 237,362, Mullis, European Pateni Appln. 
201,184, Mullis, , a,.. U.S. Patent No. 4,683,202; Erlich., U.S. Patent No. 4.582,788; and Salt,. 
„ ,„., U.S. Paten. No. 4,683,194, all of which are herein incorporated by reference,, us,ng pnmer 
pairs ,ha, are capable of hybridizing to the proximal sequences that define a polymorphism ,n ,,s 
double-stranded form. 

In lieu of PCR, alternative methods, such as the "Ligase Chain Reaction" ("LCR") may be 
used (Barany, Proc. Na.l. Acad. ScUU.S.A.) SS;189-193 (1991,, the en.ireiy of which is herein 
incorporated by reference. LCR uses two pa.rs of oligonucleotide probes to exponentially 
amplify a specific target. The sequences of each pair of oligonucleotides is selected to permit the 
pa ,r to hybnd.ze to abutfing sequences of the same strand of the target. Such hybridization forms 
a substrate for a template-dependen, l.gase. As with PCR, the resulting products thus serve as a 
template ,n subsequent cycles and an exponential amplification of the desired sequence is 
obtained. 

LCR can be performed with oligonucleotides having the proximal and distal sequences of 
the same strand of a polymorphic site. In one embodiment, either oligonucleotide will be 
designed to include the actual polymorphic Site of the polymorphism. In such an embodiment. 
, hc reaction conditions are selected such that the oligonucleotides can be Nga.ed together only ti- 
the target molecule either contains or lacks the specific nucleotide tha, is complementary to the 
polymorphic s„e present on the oligonucleotide. Alternatively, the oligonucleotides may be 
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selected such that they do not include the polymorphic sue (see, Segcv. PCT Application WO 
90/01069, the entirely of which is herein incorporated by reference). 

The "01igonucleot.de Ligation Assay" ("OLA") may alternatively be employed 
(Landegren, et al., Science 241: 1077-1080 (1988). the entirety of which is herein incorporated by 
reference). The OLA protocol uses two oligonucleotides which are designed to be capable of 
hybridizing to abutting sequences of a single strand of a target. OLA, like LCR, is particularly 
suited for the detection of point mutations. Unlike LCR, however, OLA results in "linear" rather 
than exponential amplification of the target sequence. 

Nickerson, et al. have described a nucleic acid detection assay that combines attributes of 
PGR and OLA (Nickerson, et al, Proc. Natl. Acad. Sci. (U.S.A.) 87:8923-8927 (1990), the 
entirety of which is herein incorporated by reference). In this method, PCR is used to achieve the 
exponential amplification of target DNA, which is then detected using OLA. In addition to 
requiring multiple, and separate, processing steps, one problem associated with such 
combinations is that they inherit all of the problems associated with PCR and OLA. 

Schemes based on ligation of two (or more) oligonucleotides in the presence of nucleic 
acid having the sequence of the resulting "di-oligonucleotide", thereby amplifying the d>- 
oligonucleotide, are also known (Wu, et al. Genomics 4:560 (1989), the entirety of which is 
herein incorporated by reference), and may be readily adapted to the purposes of the present 
invention. 

Other known nucleic acid amplification procedures, such as allele-specific oligomers, 
branched DNA technology, transcription-based amplification systems, or isothermal 
amplification methods may also be used to amplify and analyze such polymorphisms (Malek, et 
al, U.S. Patent 5,130,238: Davey. et al, European Patent Application 329,822: Schuster et al. 
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U.S. Pa.cn, 5.169.766: Mtlle, « a,.. PCT App„ca„„n WO 8*06700; Kwoh. , «/.. 

A,,,,,. S*. (USA, * 1 173-1 177 ( mft Gingcras, « «... PCT Apphcauon WO 88/103,5: 

Walker, « JUL *« ** «*W < all of wh.cn « herein 

incorporated by reference in their entirely). 

The iden.tfica.ton of a polymotphtsm can be determined ,n a vanety of ways. By 

coding the presence or absence of „ ,n an p,an, w,,h the presence or absence of a phenotype. 

„ , s possib,e to predtc, the phenotype of tha, plan,. If a po„rnorphism creates or destroys a 

res ,r,c,ion endonuclease c,eava g e s,,e. or if results ,n ,he ,oss or tnsertton of DN A .e.g.. a 

of the DNA fragments that are generated by 
VNTR polymorph,sm), it will alter the stze or prohle of the DNA Irag 

dlg es,,„n with tha, restrict endonuCease. As such, ,ndividua,s ,ha, possess a variant sequence 
can he distinguished fro, those havtng the ongina, se q uence by res.nctton fragment analysts. 
Polymorphisms that can be tdentitied in th,s manner are termed ••restnetion fragment length 
polymorphisms" ("RFLPs"). RFUPs have been widely used in human and plan, genettc analyses 
(Glassberg, UK Pa,en, Application 2135774; Skolnick, e, al, Cyw.e, Cell Gene,. 32:58-67 

, u r , !M 1 4 33 1 ( 1980); Fischer, a al. (PCT Application 
(1982); Botstein, etai. Am. J. Hum. Gene,. 32.314-331 (196U,, 

WO90/13668); Uhlen, PCT Application WO90/1 1369). 

Polymorphrsms can also be tdenttfted by Stngle S.rand Conformation Polymorphism 
(SSCP) analysis. The SSCP technique is a method capable of identifying most sequence 
nations ,n a smgle strand of DNA, typtcally between ,50 and 250 nuclides ,n length (E„es, 
Mellm , „, MoKatar M*,„e: Molnular O^s "<*™> ^ 

< ,996,, the enttrety of which ,s heretn mcorporated by reference,: Onta « a,.. 5*74- 
87 o (19 89,, the entirety of which is herein mcorporated by reference,. Under denatunng 
condtttons a s,„g,e strand of DNA w„, adopt a conformation tha, ,s un,que,y dependent on tts 
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scqu e„cc conforms, Th.s conlormat.on ^„ he - " » - * 

chan „ed Most conurrmauons have been .pone, ,o al.cr *c phys.cal conf,gura,,on o, »* 
sufficienlly l0 be detectable by eicctrophorests A number of protocols have been descrtbed for 
SSCP include bu, no, to*** „ Uc « * ^ <•«*> «* °' 

„ h ,ch ,s herem ^ reference: S**< , - ^ ~ *«•« »"> * 

en „ rely of whtch U herem mcorporated by reference. Lo „ Nudtic Acids 20: ,005- 

,009 (1992). .he entirety of whtch is herem mcorporaied b, reference; Sarkar « al, Cynics 
/M 4 M43 (1992), the entirety of wh.ch is herein tncorporated by reference). ., is understood 

probes to detect polymorphisms by SSCP analysis. 

Polymorphtsms may afso be found using a DNA fingerpnnting teebnioue ca„ed amphfied 
foment fength polymorphs (AFLP), wb,ch ,s based on the se,ec,ive PCR amplificat.on of 

****** *«. 2*4407-44,4 (,995), the entirety of which ,s herein incorporated by 
«. Th,s method a„ows for the specfic co-amphfteatton of high numbers of restricon 
frag men,s, which can be visual by PCR without k now,ed g e of the nuefeic acid science. 

restrlcti on enzymes and ohgonuCeotide adapters are hgated to the restneon fragments of the 
DNA The restneon fragments are then amplifted us.ng PCR by using the adapter and 
,, slnc , ion science as targe, s„es for primer anneabng. The selecvc ampfificat.on ,s ach.eved 
by tbe use of pnmers tba, extend ,n,o the restneon fragments, amphfy.ng oniy those fragments 
,„ wh.ch the pnmer extenstons match tbe nucleottde flanKmg the restneon s.tes. These 
ampbfted fragment are then visualized on a denaturing polyacrylam.de gel. 
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AFLP a„a, yS ,s h» hccn ^ <»' < B " «" '"' ** 
( [W) lhe cnu ,,, y or „«, 1S hc.cn .neorpora.cd b, reference,: Ac— Oan SS e, « 

enl , rct¥ of wt ,,ch i, herein incorpora,ed b, reference, nee <McC„och, « 

,,, 8 ,. W ( „97, .he en,ire ly of wWch * -orpora.ed b» « Nan*. * «* 

n996) herein incorporated by 
G ev Genet 255:1-8 (1997); Cho, et aL Genome 39.373-378 (1990), 

^ee,.^,^ 

the e„,,re, y of which ,s here, .ncorpora.ed b y reference: Qi, - a,. Mo, Go,, Geml. 254:330- 
136 ( ,997, .he en„re, y of which i, here, ,ncon,ora,ed b y reference, Bec.er, £i a,, Mo, Co, 
Gem , ,,9:6,73 , .995 -he -re, of which ,s herein meowed b y reference ,, po.a.o (Van 
d er Voor,, « a, , Mo, Ge, Ge„e, 255:438-447 (.997), ,he e,u,re, y of which is herein 

which U herein .ncorpora.ed h y reference,, <**~ <* ^ " 

Gone, Bio, 21:278-29, (1997), ,he en,ire, y of which is herein incorpora.ed b y reference,, 

Baa „as „^ (Kcin, « „. J. B^o, ,79:8,8-824 ,,997), Astragalus or, *M« 

< Tr av,s „ M -««-745 ,,996,, ,he en.,re, of which is herein ,nc„rpora,ed by 

36W (im ,be e„„re, y of which ,s herein .ncorpora.ed h y reference,. Ac - <Hu y , « «/.. 
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entirety of which ,s hero, incorporated * reference,, tomato (Thomas. „ «... «*» J- 
, ,oo 5 ,, the entirety of which is hcrem incorporated by reference,, and human (La.orra. „ «... 
P CR Mck^Appl 3:351-358 ( 1994) the entirety of which is herein incorporated by reference,. 
AFLP analysis has a!so been used for l,ngctpr,n„ng mRNA (Money. „ aL. N „c,c,c Ac* *«. 
24:2616-26,7 (1996), .he entirety of which is herein incorporated by reference; Bachem, « ai. 
P, a ,„ J. 9:745-753 (1996,, .he entireiy of which is herein incorporated by reference). I, is 
understood that one or more of the nuc,e,c acd molecuies of the present invention, may be 
utihzed as markers or probes to detect polymorphisms by AFLP analysis for fingerprinting 
mRNA. 

Polymorphisms may also be found using random amplified polymorphic DNA (RAPD, 
(Wilhams „ a,.. Nucl Aci* Res. /M531-6535 (1990), the entirety of which is herein 
incorporated by reference, and cleavable amplified polymorphic sciences (CAPS, (Lyamichev 
a „!.. Science 260:778-783 (1993,, the entirety of which is herein incorporared by reference). It 
1S understood that one or more of the nucleic acd molecu.es of the present invention, may be 
ul i, iz ed as markers or probes to detect polymorphisms by RAPD or CAPS a„a,ys,s. 

Nucle,c acid molecules of the present invention can be used to monitor expression. A 
microarray-based method for higb-thronghpu, monitoring of plant gene expression may be 
ut.hzed to measure gene-specfic hybndizahon targets. This 'chip'-based approach involves 
us,„g microarrays of nucleic acid molecules as gene-specific hybridization targets ,o 
„uan„,,,vely measure expression of the corresponding plan, genes (Schena « a,.. Science 
270: 467-470 (1995). the entirety of which is herein incorporated by reference: Shalon, Ph.D. 
Thesis. Stanford Un.vershy (1996). the entireiy tf which is herein incorporated by reference,. 
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Ewy nudcottde „ a large ^ can * » * ~* H*"***" * 

to efficiently analyze nucleotide sequences. 

Severa, m.croarray methods have been desenbed. One m e,h„d compares the sequences 
,„ be anaWzed by hybrtdtzatton to a se, of ohgonucleot.des orcDNA molecules representtng a„ 
possthle subsequences <Ba,ns and Smtth, Biol. ,35:303 , 1989,. the enttrcty of which » 
heretn tncorporated by reference). A second method hybndizes the sample to an array of 
ohgonucleotide or cDNA probes. An a.ay constsbng of ohgonucleotides or cDNA molecules 
complementary to subsequences of a target sequence can be used t o de.ermine the tdenttty of a 
targ e, sequence, measure its amount, and detect deferences between the target and a reference 
sequence. Nucleic acd moiecule m.croa^ays may a,so be screened with protetn molecules or 
fragments thereof to determine nucleic acd molecu.es ,ha, specifically btnd protein molecules or 
fragments thereof. 

AddttionaMy, microarrays of BACs may be prepared to sufficiently cover 3X of an entire 
genome. Such mtcroarrays can be used in a vanety o, genomtcs expertmen, including gene 
ma pping, DNA ftngerpnnting and promoter identtftcat.on. Microarrays of genomic DNA can 
als0 be used for parallel analysis of genomes a, sing, gene relation (Umieux „ aL MoUator 
Breeds 277-289 (1988). .he enttrety of which ,s herein incorporated by reference). I, is 

,„e nucletc acd molecules or protetn moiecules or fragments thereof of the present tnvention 
may be uttltzed in a genomic mtcroarray based method. ,n a preferred embodtmen, of the present 
tnventton. one or more of the fflvrf* nuclec acd m„,ecu,es or prot.tn molecules or 
intents thereof of the present tnventton may be uttltzed in a genomtc mtcroarray based 
method. For example. Genomtc Mtsmatch Scanntng (GMS). a hybnd,za,,o„-based method of 
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lintoa „ alys , slh a,a,^ 

, denl , fy ^ — -** °" fc ° f lKCSC ^ " 

chmm „ s „ m a, DNA reg ,o„s a, hy^zed «> a — 

genomc c ,„ n es - po*e s^s ,n P o,„, of - 

re so, U ,ion (Lemieux „ „,.. M^r "7-289 , 1988), 

descen , re ,a,e d ind.v^s. * a P^d e^d,- of *e P re S en, ,nve„Uo, o„e or 



- 58 - 



21( 15786)A 



H ,s understood thai one or mo, of U* ^ of » present .nventto, prefer* one 

,„ V e„,,o„ may be ut,,i K d in . GMS m.croanay based method ,o map muitigemc tratts. In a 
preferred embodtmen, of the present tnventton, one or more of the C,v™„ »,v nucleic acid 

GMS microarray based method to map multigentc traits. 

P,a„t repeat Cements may be used with GMS nr.croarraytng to identify spectes specfte 
chromosomes ,n another species background. For example, the ma,e genome contams 
moderately repetit.ve DNA sciences (ZLRS, representing about 2500 coptes per haploid 
.enome; these sciences are present ,n the genus *. and absent in other graminaceous spectes. 
Ana „,ev « W. 5«-. <U.S*> 9« 5 26-3529 ,.997,, a„ of which are heretn 

saliva , x Zea „ crosses. By ustng highiy repetitive matze-specific sciences as probes, 
A „an,ev « (.997, were abie to seiectiveiy isolate cosmid Cones containtng maize genomtc 

DNA. 

„ „ understood that one or more of the molecules of the present invention, preferably one 

,„ven„on may be utthzed in a GMS microarray based method ustng repeat elements to 
se ,e C ,,ve,y ,so,a,e Cones coniatntng species specftc DNA. .» a preferred embodiment of the 

.inn nriv be utilized in a GMS microamiy based method to 
fragments thereof of the present invention may be utilized 

■r„ n\i a A narticular preferred microarray 
selectively isolate clones containing species specific DNA. A particula p 
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cmbod,mcn, or the prcscntlcnt.on ,s . ~> co m pr,s,n g nuctcc *d modules encoding 
„c„cs iha, « homo,o g ue S of t « genes or nudcc acid molecules ft, compnsc genes or 

m.croarray embodiment of .he present invention U a m.croarray comprising nucleic acd 
m „,ecu,es encoding g enes or fra g men,s .hereof tha, are homology of known g e„es and nucicc 

known genes. A furfher preferred mreroarray embodimen, of ,he presen, .nvem.on ,s a 
nr.croarray comprising nucieic acid mo.ecules encoding g enes or fragmen.s .hereof ,ha. e„c. 
only limited or no matches to known genes. 

,, is understood that one or more of the molecules of the presen, .nven.ion, preferably one 

mention may be u.H.zed ,n » microarray based me.hod. .n a preferred embodiment of the 

based method. 

Nuc ,eic acd mo.ecules of the presen, .nven.ion may be used ,n site dtrected mu,agenes,s. 
Site-directed mn.agenesis may be utdized ,„ modify nucleic acd sciences, pan.cuiar.y as ,, ,s a 

a „ered ,e.g. a ,hreo„,ne to be rep.aced by a metb.on.ne). Three basic methods for s„e-d,rec.ed 
m u,a 2 enes,s are often empioyed. These are casscte mu,a g enes,s ,We„s „ a,. <*« *:3.5-23 
, ,985). ,h= enttrety of which is herein tncorporated by reference,, pnmer ex.ens.on ,G,„iam , 
al . te ,2: 129-, 37 , ,o 80 ,. the enttrety of whtch is herein incorporated by reference,; Zoller 
and Smith. «** '00:468-500 ,,983, the en„re,y of which ,s here.n ,ncorpora,ed 
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p ,, rt o 47J . ,Ke e. irely of .s nercn ,nco^ed oy re^nce, and PCX Pa.en, 

» / B,7,/ Chem 266:9971-6(1991), the entirety ot 
, ,„ v , w site-directed mutagenesis (Lanz « al, I Biol. dum. 

tM bv reference- Kovgan and Zhdanov, Biotektoologiya 5: 148-1 54, 
which is herein incorporated by reference, 

A k t 110095 (1989) the entirety of which is herein incorporated by 
No Wl60n, Chemical Abstracts 110.225 {W*Jh 

, ,a I W (USA) 86:4037-4041 (1989), the entirety of which ,s 
reference; Ge et al. ?roc. Natl. Acad. Sa. (U.S.A.) 

n / l Rial Chen, 277:18494-18498 (1996), Chu et al. 
hercn incorporated by reference, Zhu et al, J. Biol Chen. 

• ,, 6150 6157 (1994), the entirety of wh.ch is herein incorporated by reference, 
Biochemistry 33:6\50-bi5i (w 

, FMR0 . „. P91 . 12 96( 1 992,«hee„«i re ,yofwhich,shere i n i nco^ora,ed b y 

Small a/.. EMBO././M-*"- 

?;<uw 5099 (1992), the entirety ot whicn 

incorporated by reference, Zhao et al. Biochemist, 
is herein incorporated by reference). 
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Any of ,hc nucleic .ad molecules of ,hc present mvennon may Cher he modified by s,,e- 
dlr cc,cd mutagenesis or used as. forcxampic. nude, ac,d molecules ** are used ,o targe, other 
„uc,e,c acd molecules for modification, it ,s understood .hat mutants w,,„ more than one altered 
nucleotide can be constructed us.ng technics that practices s k ,„ed in the art are famihar 
wttb such as tsolattng restriction fragments and i.gating such fragments ,n,o an expression vector 
<«, . for example. Sambrook « al, ***** do,,,,,,: A Utonnory Man,u,l. Cold Spring 
Harbor Press < 1989,,. In a preferred embodtmen, of the present invention, one or more of the 
Cyane max nucletc acid molecules or fragments thereof of the present invention may be 
modified by sile-directed mutagenesis. 

Nuclete acid molecules of the present invention may be used in transformation. 
Exogenous genetic matenal may be transferred ,n,o a plan, eel, and the plan, cel, regenerated into 
a whole, fertile or s.erile plan,. Exogenous gene,,c material is any genetic matenal, whether 
na,ura,ly occurring or othenvise, from any source ,ha, is capable of being insened into any 
organism. In a preferred embodiment of the present invention the exogenous genetic matenal 
can include ClyCne ^ genetic matenai. In a preferred embodiment of ,he present invention, 
the exogenous genet-c matenal composes a nucleic acid molecule of the present invention. Such 
gencc matena, may be transferred ,n,o either monocotyledons and d.eotyiedons including bu, 
no, limited to the plants. Z* Miosis and soybean (See specially. 

Chistou. Pan,* ******** I* » <*» ""^ PP5 °" 

60 (soybean,, Biotechnology Intelligence Un„, Academic Press. San Diego. California ( .996). 
the entirety of which ,s herein meorporated by reference and generally Chistou, ParticU 
B^^fir**** o!PU.,«s, Biotechnology Inteiligence Uni,. Academic 

Press, San Diego. California ( 1996,. the entirety of which ,s herein inc„,pora.ed by reference,. 
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^..v hp the result of transient or 
i „i.,nt Such overexprcssion may be tne rtsuu 
transformed cell or transformed plant. Such 

stable transfer of the exogenous material. 

^^^^^^^^ 

^^^^^^^edforsuchapurpose. Vectors have been en g meered for 

< Vectors have been designed to replicate 
, • and have all of the features required for transferring large 
in both E. coli and A. tumejaaens and have 

■ •« nHnt cells have been described 

„„ f choice. 

„ ,ocS) promoter (which are carried on tumor.nducing plasmids 
reference), rhe oclopine synthase (OCS) promoier 

the cauliflower mosaic v ir us 
, ;,..,«> ihecaulimovimspromoterssuchaschecau.il 

rfA ^^-*"»>--« 9 , 1 ^ 4 (1987) ,heent 1 ret y of W h,ch,s 

(CaM V)19S promoter (i^^/..^^- ^ Wl5 " M( 

f . and the CAMV 35S promoter (Odell et aL Nature 313X10- 
herein incorporated by reference) and the LA. 

t ri hv reference) the f.swort mosaic virus 
r h.rh is herein incorporated by reterenct.;, i 
81^ (1985). the entirety ol which is heieini F 
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carboxylase .ssRUBISCO). .he Adh promos .Walker e, <„.. Piol: Atari. /.('(/</. &■/. W.S.M 
WfW! (1987). .he entirety of which is here.n mcorpora.ed by reference), .he sucrose 
syn ,has= promo,er « Ya„ g „ „L ^ M+ ,«*W <* — » 

of w h,ch ,s here, .corpora,, by reference,, .be R gene complex promo.er .Chandler « *. T* 
Plm , Cdl 1:1 175-1 183 (1989). .be emirc.y of which is herein .neorpora.ed by referer.ee). and .he 
ch ,orophy„ a/b binding pro.ein gene promo.er, e.c. These promo.ers have been used .o crea.e 
DMA cons.ruc,s wh.cn have been expressed in plants; PCT publication WO 84,029.3, 
herein incorporated by reference in its entirety. 

Promoters wh.eh are known or are found ,„ cause ,ranscnp.,on of DNA in plan. ce„s can 
be used ,n .be present ,nve,,c. Such promoters may be ob,a,ned from a variety of sources such 

of causing sufficient expression .o resul, in ,he production of an effec.ve amount of pro,ein .o 
cause ,he desired pheno.ype. .n addition ,o promo,ers wh.eh are known to cause transenpt.cn of 
DN A in plan, ce„s, o.ber promo.ers may be identified for use in .he current invent.on by 
screening a plan, cDNA l.brary for genes which are selee.ive.y or preferably expressed ,n .he 

target tissues or cells. 

For ,he purpose of expression in source .issues of ,he plan,, such as the ,=af, seed. ro„, or 
stem, ,. ,s preferred tba, ,he P romo,ers utilized in ,he presen, invention have rela.ive.y high 

promo,rs for genes wi,b tissue- or ceil-specif.c or -enhanced expression. Examples of such 
promoters reported ,n ,he h.era.ure include .be chloropias, glu.am.ne syn.be.ase OS2 promo.er 
from pea (Edwards e, Pn*. «. W Sci. WSA, ,7:3459-3463 , 19,0). herein 
incorporated by reference in i« entire,,,, the chloropias, frue,ose.,.6-b,phospba,ase (FBPase, 
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,, to , c ,„ ils cn„re, y , .he nuciear pho.osyn.hcc ST-f,i pro m o,cr ^ .Sux.-Vhau. „ 
o( „„„ J 8-2445-2451 « 1%.). he.cn ,nc„,por«d by reference ,. i.s c„„re,y). .he 

; i994 , h ere,n,ncor P o rat e dby rerere n ee,n, tS e,,re, y ),,hepro m o,err„r,heC ab -Uenerrorn 

. n - / ...o,. 939 (1990), herein incorporated by reference in its 
wheat (FejesrtflZ.,Pta"r Mo/. Bio/. 75.921-JJ- U*. 

ent ire,y «he pro.o.er for .he CAB, g ene from sp.nach . «, H»- ^ 

m99 , ,006 0994,, here, incorpora.ed by reference in ,.s en,,re,y>, .he pronro.er for ,e 

, „ / <W W S A ) 90 9586-9590 (1993), herein incorporated 
BIflV 5 (Matsuoka et aU Proc. Natl. Acad. Sa.(U.S.A.) W. 

u n i hrh\ *o eene (Cerdan et al, Plant Mol. 
by ref ere„ee in i.s en.ire.y), .he poorer for .he .obacco Lhcbl - gene 

t,A hv reference in its entirety ), the Arabidopsis 
Biol ^45-255. (1997), herein incorporated by reference 

lhe chiorophy,, ending P-ins nray .so be U *ed in .he presen, ,nven„on. such as ,he 
M Bio, ,8:219-229 , .995. .he =n.,re.y of which , hcre.n .ncorpora.ed by reference,. 
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promoters ^ m the present mvcnbon ta « «** * *°* 

msues A number of promoters for 6 enes »„h tuber-spccmc or -enhanced exprcsston arc 

^^^^^^^^^ 

Jeff erso„ e,*l, «■» Mr,, I,*/. M995,006 ,.990, both of whtcn .re herem .corporal by 

smallsUb u ni , lh e SU c roS e Sy n, h a S epr„ m o t er ( Sa,a„o ub a t a„ d Ben i a., ( ,„,«:47- 5 a (1 , 8 7, 

and Bernard. Ce ,,.^ 

mi proteinase mhibttors (Hannapel. P« <«"03-704 ,,993,. heretn incorporated by 

ff «/., P/a/tf Ma/. Biol. (7:691-699 (1991,, herein incorporated by reference in its entirety), and 
cherc.ass 1 and ,. patatins promoters (Koster-Topfer „ al.Mo,. Gen. Gen,. 2^390-396 
, / cm «07-44<1988>.bothofwhicharehereinincorporatedby 

(1989); Mignery et «/., C/e/ie. oz.~ / v ^ 

reference in their entirety). 

Other promoters can also be used to express a fructose , ,6 btsphosphate aldolase g e„e in 

, P-l- (1989). here.n tncorporated by reference ,n ,,s enttre.y, or other seed-spec„,c 

storag e protetns found ,n ^ endosperm. Oenomtc clones for Z em g enes have been 
, solal ed (Pedersen « «, 29,0,5-1026 ,.982,. heretn mcorporated by reference ,n „s 
cnlirely) , and , h e promoters from these Cones. ,„c,udin g ,he 15 , D ,9 ,0, 22 kD . 27 kD . 
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,„„: , ncludc lhc prom „,e, „ ,c ***** ^ *— 

enzvm es ■ and „ ^ ^anchmg enzymes, o.eosms, - snorose 

„ir„l-,rlv the Oso-1 promoter (Zheng « a/.. M«<- O" 
for the slutelm gene from rice, more parltcula, ly the Usgl P 

BW I ^842 (1993,. herein incorporated b, reference ,n ,,s entirety). Examp.es of 
pyro phosph„r,lase < ADPGPP, .pun,,, the grannie noun, and other starch synthases, the 

f OTnC eg, U ,eh„,0 Sg ,-l. Examples of soch promoters for baHey ,nc,ude those for the ADPOPP 

proteins. 

^ tate -d^^«----••»-' M ■--■ ^JanJ " (,W4X,, " 

emir e, y of which is herein incorporated by reference,. Expression m root ttssne couid aiso be 

, , m . lin cnf the CaMV^5S promoter that have 
accomplished by utilizing the root specl.c subdomatns of the CaM 

bcen , d en„f,ed (Lam . », W — ' ~ ^ < «* 
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n, i oMmi 1 11 (1990), the entirety of 

reported by ConUmg <rf. (Conkling « «•<»' 
which is herein incorporated by reference). 

, W 43, and 4,«3.«6. a„ of which are herein incorporated ,n ,„e,r entirety. ,n add,„on, a 
entirety of which is herein incorporated by reference). 

seqU ence that act, h, whoie or in part, to terminate transcription of tha, re e ,o. For e.ampie, 

(lne e,rech, „ «, T, K ««, CW, ,:*7 < « *, entirety of which is herein incorporated 

, • a ■; p., //.169-385 (1983), the entirety of which is herein 
by reference; Bevan * a/., Nucleic Acids Res. 1 1 -369 383 

incorporated by reference), or the like. 

theAdh.ntron > ( Ca,,is — ,^-,200 (1 9S7,, fhe entirety of which ,s 

hereininc0 rp„ra,edbyrefere n ce,«he S nero S esy„,ha S e,n,ro„,Va S „e,a,..P 1 an,Physio,. 

91 ,575-i579 (,989), the entirety of which ,s herein incorporated by reference, and theTMV 

appropriate. 

ofsu eh,nc 1U de.b U tare„o,i,n 1 ,,ed,o.a„eo g e„e ( Potry kUS «...M,,, 0 «, C «.----- 
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(1985), the entirety of which is herein incorporated by reference) which codes for kanamycin 
resistance and can be selected for using kanamycn, G41 8, etc; a bar gene which codes for 
b.alaphos resistance; a mutant EPSP synthase gene (H.nchee al, BUSTechnoUw 6:915-922 
( 1988), the entirety of which is herein incorporated by reference, which encodes glyphosate 
resistance; a n.trilase gene which confers resistance to bromoxynU (Stalker et al, J. Biol. Chen, 
263:6310-6314 (1988), the entirety of which is herein incorporated by reference); a mutant 
acetolactate synthase gene (ALS) which confers imidazoline or sulphony.urea resistance 
(European Patent Application 154,204 (Sept. 11, 1985), the entirety of which is herein 
incorporated by reference); and a methotrexate resistant DHFR gene (Thi.let et al, J. Biol. Che,. 
265:12500-12508 (1988), the entirety of which is herein incorporated by reference). 

A vector or construct may also include a transit peptide. Incorporation of a suitable 
chloroplast transit peptide may also be emp.oyed (European Patent Application Publication 
Number 0218571, the entirety of wh.ch is herein incorporated by reference). Translational 
enhancers may also be incorporated as part of the vector DNA. DNA constructs could contain 
one or more 5' non-translated leader sequences which may serve to enhance expression of the 
gene products from the resulting mRNA transcripts. Such sequences may be denved from the 
promoter selected to express the gene or can be specifically modified to increase translation of 
the mRNA. Such regions may also be obtained from viral RNAs. from suitable eukaryot.c genes, 
or from a synthetic gene sequence. For a review of optimizing expression of transgenes, see 
Koz.e. et al. Plant Mol. Biol 52:393-405 ( .996), the entirety of which is here.n incorporated by 
reference. 

A vector or construct may also tncMe a screcnab.e marker Screenable markers may be 
used to monitor express.on. Exemplary screenable markers inc.ude a p.glucuron.dase or uidA 
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ac ne (GUS, wb.cn encodes an enzyme f« which various chron.ogcn.c ^ are known 

(J cf,crson. P„„„ Me/. «»». *7>. ' hc — » °' * ' nCOq, ° ra ' Cd 

by reference: Jefferson „ al. EM BO J- &MO.-3W7 11^ '■«= «** uf ' S 
.ncorpora.ed b, reference,, an R-toeus gene, which encodes a produc. *- regula.es .he 
pr „d U e.ion of an.hocyan.n p.gmen.s (red color, in plan, .issues ((Deiiapona „ al. S.adler 
Svn.pos.um ( ,988). .he en„rc,y of which is herein .ncorpora.ed by reference,-, a P - 

gene (Su.Cffe c, al. I**. «. 7,3737-374, (,,78,. ,e ennre.y 

of which ,s here, .ncorpora.ed by reference, a gene wn.cn encodes an enzyme for wh.ch various 
chromogenic subs.ra.es are known (e.g., PADAC, a chromogen.c cephaiosponn,: a ,uc,ferase 
,ene <0w a al. Science 2-^:856-859 (,986). the em.re.y of wh.ch ,s here.n .ncon>ora,ed by 
reference) a xylE gene (Zukowsky el al.. Proc. Null Acad. ScUU.S.A.) 80: 1 101-1 ,05 (1983), .he 
e„,,re,y of wh.ch Is herein incorpora.ed by reference, wh.ch encodes a ca.echo, d.ozygenase ,ha. 
can convert chromogenic ca.echcis; an a-amylase gene (,ka,u „ at.. BiafTecUnol 8:24,-242 
(,990), .he e„,ire.y of wh.ch is herein incorpora.ed by reference,; a .yrosmase gene (Ka.z „ al. 
,. Gen Microbiol 129:2703-2714 (1983,, .he en.ire.y of which ,s herein incorpora.ed by 
reference, wh.ch encodes an enzyme capabie of „x,diz.n g .yros.ne ,o DOPA and dopaqu.none 

i ™ rv cnHrtosidase which will turn a chromogenic a- 
which in turn condenses to melanin; an a-galactosiaase, 

galactose substrate. 

deluded wi.hin .he .erms "selecabie or screenable marker genes" are also genes wh.ch 
encode a secre.able marker whose secrcon can be de.ec.ed as a means of ,den,,fy,n g or selcc.m 
for .ransformed cells. Exampies include markers which encode a secre.able an.igen .ha, can be 
iden„f,ed by an.ibody m.eracon. or even secre.able enzymes wh.ch can he de.ec.ed 
ca,a,y,,ca,ly. Secre.able pro.e.ns fal, m.o a number of classes. mCud.ng sma,,. diffus.ble 
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rot e,„ s by EUSA. ^ «*. *— •« S0,U,, ° n 

^ a-amylasc. P -,a~ phosphmothncin .—'erase,, or pro,e,ns which are insencd or 
.rapped ,n the cell wall (such as proteins which include a leader seouence such as ,ha, found ,n 
UK expression urn, of extension or tobacco PR-S). Other possible selectable andto screcnablc 
marker genes will be apparent to those of skill in the art. 

Methods and compositions for transforming a bactena and other microorganisms are 
known ,n the art (see for example Sambrook * *L M^ar 0»*»: * U*^ "«»»«'• 
Second Edition. Cold Spnng Harbor Laboratory Press. Cold Spnng Harbor. N.Y.,09*.,. .he 
entirely of which is herein incorporated by reference). 

There are many me.hods for introducing transforming nucleic acd molecules info plant 
cells. Suitable methods are beheved to include virtually any method by wh.ch nueletc acid 

,. ■ a Ht„,„ ,rf-ll such as by Agwbaclermm infection or direct delivery of 
molecules may be introduced into a cell, sucn as oy ng 

„ u ele,c acd molecules such as. for example, by PEG-med,ated transformation, by 
electroporat.on or by acceleration of DN A coated parlicles, etc. (Pottykus, A,„, Re, *m 
PkM Plan, Mol. B.ol. ,2:205-225 (1991). the enttrety of which is herein tncorporated by 
reference; Vast.. H»» Mol Biol 25:925-937 (1994,. the entirety of which ,s heretn mcorporated 
by reference. For example, electroporation has been used to transform *» ~W P— * 
(Fromm e, aL Nan.re 572:79,-793 (1986,, the entirety of which is herein incorporated by 

reference). 

Technology for introduction of DNA into cells is well known to those of skill m the art. 
Four genera, methods for delivering a gene ,n,o cells have been described: ( 1 , chem.ea, 
methods (Oraham and van der Eb. VW,,, 54:536-539 ( 1 973,. the entirety of which is herein 
incorporated by reference,: ,2, physical methods such as microinjection (Capecchi, C<0 22:479- 

-71 - 



1( 15786 )A 



488 (1980), elcclroporation (Wong and Neumann. Biochem. Biophys. Res. Commun.. 707:584- 
587 (1982); Fromm ,/ al, Proc Natl. Acad. Sci., U.S.A.), 82:5824-5828 ( 1985); U.S. Patent No. 
5,384,253; and the gene gun (Johnston and Tang, Methods Cell Biol. 4^:353-365 ( 1994), all of 
which the entirety is herein incorporated by reference; (3) viral vectors (Clapp, Clin. Perinatal, 
20:155-168 (1993); Lu et al, J. Exp. Med., 778:2089-2096 ( 1993); Eglitis and Anderson, 
Biotechniques, 6:608-614 (1988), all of which the entirety is herein incorporated by reference); 
and (4) receptor-mediated mechanisms (Curiel et al, Hum. Gen. Ther., 3:147-154 (1992); 
Wagner et al, Proc. Natl. Acad. Sci. U.S.A., 89:6099-6103 (1992), all of which the entirety is 
herein incorporated by reference). 

Acceleration methods that may be used include, for example, microprojectile 
bombardment and the like. One example of a method for delivering transforming nucleic acid 
molecules to plant cells is microprojectile bombardment. This method has been reviewed by 
Yang and Christou, eds., Particle Bombardment Technology for Gene Transfer, Oxford Press, 
Oxford, England (1994), the entirely of which is herein incorporated by reference). Non- 
biological particles (microprojectiles) that may be coated with nucleic acids and delivered into 
cells by a propelling force. Exemplary particles include those comprised of tungsten, gold, 

platinum, and the like. 

A particular advantage of microprojectile bombardment, in addition to it being an 
effective means of reproducibly, and stably transforming monocotyledons, is that neither the 
isolation of protoplasts (Cristou ,/ al. Plant Physiol 87:671-674 (1988), the entirety of which is 
herein incorporated by reference) nor the susceptibility of Agrobacterium infection is required. 
An illustrative embodiment of a method for delivering DNA into maize cells by acceleration is a 
biohstics-particle delivery system, which can be used to propel particles coated with DNA 
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cells cultured in suspension. Gordon-Kamm ., ,„.. describes ,hc bas,c procedure for coating 
lu „ gs ,en pa rti c,es w,h DNA <Gord„n-Kamm „ /*- « 2:603-6,8 , .990,. .he entirety of 
which is herein incorporated by reference). The screen disperses .he tungsten nucleic acid 
part.eles so that they are no. delivered ,o ,he recipient cells ,n large aggregates. A particle 
delivery sys.em sui.able for use with the present invention is the helium acceleration PDS- 
1000/He gun which is ava.lable from B,o-Rad Laboratories (Bio-Rad, Hercules. 
CaliforniaXSanford « „(.. T^e ..3-16 (1991). the entirety of which is herein incorporated 
by reference). 

For the bombardment, cells in suspension may be concentrated on filters. Filters 
containing the cells to be bombarded are positioned a, an appropria.e distance below the 
microneedle stopping p.a.e. ,f des.red, one or more screens are also positioned be.ween .he 

gun and the cells to be bombarded. 

Alternatively, immature embryos or other target cells may be arranged on solid culture 
medium. The cells to be bombarded are positioned at an appropriate distance below the 
m acropr OJ ecti,e stopping plate. If des.red, one or more screens are also positioned between the 
acceleration dev.ee and the cells to be bombarded. Through the use of technics set forth heron 
one may obtain up to 1000 or more foci of cells transiently expressing a marker gene. The 
number of cells in a focus which express the exogenous gene product 48 hours post- 
bombardment often range from one to ten and average one to three. 

In bombardment transformation, one may optimize the prebombardment cu.tunng 
conditions and the bombardment parameters to yield the maximum numbers of stable 
transforms, Both the physical and biological parameters for bombardment are important in 
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lK hno,o g , ,c tho, U. mampulahng U. 

factors mclude al, S ,cp S | — <* * ^ — " 

al , r bombardment, the osmottc ^ of - » * *~ » — 
Wlth bombardment, also the nature of *c -A. sue, as linked DNAor 

mtact sucercotled plasnrtds. It is M that pre—en, n-ni^ - 
important for successful transformation of immature embryos. 

,„ another alternate embodiment, plastids can be stably transformed. Methods 
d.sciosed for p.asttd transformation ,n h.gher plants mclude par,,* gun dehvery of DNA 

Sv ab and Ma„ g a trot. W SO. *,,) —917 <'*»» ^ ^ ^ ' 

„ . s «i ill ,»d«? 818 all of which are herein 
EMBO J. /2.-60I-606 (1993). U.S. Patents 5, 451.513 and 5,543, 

incorporated by reference in their entirety). 

A ccord,n g ,y, U i. contemplated that one may w,sh to adjust vanous aspects of the 
bombardment parameters in small scale studtes to ful,y optima the cond.ttons. One may 

m „d,fy,n g conditions whtch mOuence the phystologtcaf state of the rectpten, cells and wh,ch 
may therefore tnHuence transformation and tntegralton efficencies. Por sample, the osmottc 
s , aletlssue h y dra„o„and,he subculture stage or cei, cycic of the rectp.en, cells may beaded 
,„ r opttmum transformation. The execution of other routtne adjustments win be k now„ to those 

of skill in the art in light of the present ^closure. 
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^ fa oducmg8CnK,w " 

plant integrating vectors to introduce DNA inlo plant cells is well known in the urt- See, tor 

^^^^^^^^ 
, ,„.,„ ,77 (,987), both of which are herein incorporated by reference ,» 

Meth. In Enzsmol, 153.253-1 inwh 

■ nf the T, DNA is a relatively precise process resulting m 
the ir -tiretv. Further, the integration of the Ti-DNA 

ems The re „ lon of DNA to be transferred is defined by the border sequences, 
few rearrangements. lnere c iuuu 

' Modern^ 

■ .,,ow,ng for eonventen. manipulations as described (Klee e, al. In: 
wellasAgrotawrmm, allowing for con 

„ , T Honn and J Sehell, eds., Spnnger-Verlag, New York. pp. 179- 
Plant DNA Infections Agents, T. Hohn ano 

, 03 ( ,o 85) , the entire, of wh,eh is herein incorporated b, reference. Moreover, recent 
^nologicaUdvancesinveetorsfor,^ .ediated gene transfer have improved , he 

-medtatedtr— ,on,s 
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• . nl,nt formed usine A^bacterium transformation methods typically 
A transgenic plant ioimtu umh & 

_ . s , ng ; gc „e - one Such transgente plants can be rcfcn,d to a, bctng 

heterozygous for the added gone. More preferred is a transgenic plant lhal is homozygous lor the 

, ocus on each chromosome of a chromosome pair. A homozygous transgenic p.an, can be 
obtained by se M a„y mating .selfing, an tndependen, segregan, ,ra„s g e„,c plan, that eontatns a 

■ tnm , of the seed produced and analyzing the resulting plants 
single added gene, germinat.ng some of the seed prou 

produced for the gene of interest. 

„ , s also ,o he understood tha, two dtfferen, transgemc plants can also be mated to 
produce offspring that contain two independently segregatmg added, oogenous genes. Selfmg 
ofa p P ropna,epro g enycan produce plants that are homozygous for both added, exogenous genes 

„„„.,ransge„ic plan, are also contemplated, as ,s vegetative propagatton. 

Transformation of plan, protoplasts can be achteved using methods based on calcium 
phosphate prectpitatton, polygene glyco, treatment, electroporatio, and comb.nations of 

„, NaUm . 5:«4. (198S,, a„ of whtch the entire,, ,s herein tncorpora.ed by reference,. 

of cereals from pro,„ P las,s are desenbed (Fmtmura „ ,,, m, Tto~ Uaer, 
,. 74 „«„ Tonyama „ „,.. TtorW CM. **» ( .*«* Yamada „ «*, 



et 
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„. , , j. , 0 87 (1986) all of which the entirety is herein 
4:85, (1986); Abdullah et al, Biotechnology, 4. 1087, ( 1 M>1 

incorporated by reference ). 

To transform plan, stratns tha, cannot be successful regenerated from protop.asts. other 
^ l0 introduce DNA into tntact ce„s or ^ can be u,ih Z ed. For example, regenerate of 

„.397.<,9 8 8,. the ent.rety of whtch is heretn incorporated by reference,. In additton, "parttcle 
gun" or high-veloctty ntteroprojeettle technology can be utihzed (Vast, a,.. Me****, 
10 661. < 1992). the enttrety of which is herein incorporated by reference). 

Ustng the latter technology, DNA is can-ted through the ce„ wall and into the cytoplasm 

al , Pm c. mi MU ScUV.S.A.>. 85:8502-8505. (1988): McCabe e, al. ******* 
,,988), al, of whteh the entirety ts herein incorporated by reference). The metal parttcles 
penetrate through severa, layers of ce„s and thus a„ow the transformation of cells withtn ttssue 

explants. 

Other methods of cel, transformatton can also be used and tndude bu, are not l.mited to 
,„ lro duc,ion of DNA ,n,o plants by dtrec, DNA transfer tnto pollen (Zhou « M«W, in 
Em , m o,o g , ,0,m. (1983): Hess „ », Men, Re, Cy,oL ,07:367. (1987): Luo « aU 
M„l m. Reponer. ft .65. (1988), al, of which the enttrety is herein incorporated by reference,, 
by direct tnjectton of DNA tnto reproducve organs of a p,an, (Pena et a,., Nature, 325:274, 
0987, the cnttrety of which is heretn mcotporated by reference), or by dtrect injection of DNA 
,n,„ the ce„s of tmmature embryos fohowed by the rehydration of dessicated embryos (Neuhaus 
J lK „, A PP L C«.«.. 75:30. ( ,987). the enurety of which ts herein tncorporated by 



et 

reference 
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Thc rccncratton. development, an, cnlttvatton of pMU *** m W+~ 
..onst—cxplantstswcllkno — » d 

W^, «»: "«"'< <EdS -'' ACadm ' C PrC& D ' C8 °' 

CA (198 „ lh e=n,, rety or w h ,*, S Keren .co^d preference,. Thts regenerate and 

„,, v ,d U a„ Z ed cells through the usual sta.es of embryontc development through the rooted 

r00 ted shoots are thereafter pfanted in an approve plan, grow,. medtum such as sotl. 

The development or regenerate of plants containmg the foreign, exogenous gene .a, 

pcll.nated ,o provtde h„mo Z ygous transgentc plants, as dtscussed before. Otherwise, poiien 
„ nes converse,,, pollen from plants of these ™ponan, iines ,s used ro polltnate regenerated 

using methods well known to one skilled in the an. 

There are a vane,, of methods for the regenerate of plants from plan, Ussue. The 

species to be regenerated. 

Methods for transforms dieo.s. prtmanly by use of A.^— ^ - 

Patent No 5.159,135, U.S. Paten, No. 5,5 18,908, all of which the entirety is herein incorporated 
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■ /iic P .,, e nt No 5.463.174, the enlirety of 
cnurcly IS herein incorporated by reference); Brass.ca ( U.S. 

■ Jlcd bv reference); peanut (Cheng et al. Plant Cell Rep. i5:653-657 

which is herein incorporated by ictucne M 

n u o ,4-699-703 (1995), all of wh.ch the entirety is hcre.n 
(1996) McKently et al. Plant Cell Rep. 14 A)) 703 1 1 

(Y-mo et al ( 1996), the entirety of which is here.n 
incorporated by reference); papaya (Yang it al, 

, p, ,n,HRen 75^4-258,(1995), the entirety ot 
.ncorporated by reference); pea (Grant etaL Plant CeMUp. L ■ - 

which is herein incorporated by reference). 

, c •/nu I 84-5345, (1987), the 
Sieved in asparagus (Byteb.er et al., Pro, Natl Aca, Sa,U,A, 84. 

f h , r iev (Wan and Lemaux, Plant Physiol 

entir ety of which rs herein incorporated by reference), bar.ey (Wa 

■ t fwh ,chis herein incorporated by reference); maize (Rhodes^/., 
W4-M, (1994), the entirety of which is nete.ii t 

t ,1 Plant Cell 2:603, (1990), Fromm ?r al, 
Science 240:204, (1988), Gordon-Kamm et al, Plant Cell, 

, i i MQ4 (1993), Armstrong al., 
, , *-833 (1990) Kozteetal., Biotechnology I 
Bio/Technology 8.833, U^;, iv 

• -^/wH bv reference), 
C,,^ 35:550-557, (1995), a,l of which the entirety ,s here.n incorporated by . 

, , m 1589 (1992), the entirety of which is herein incorporated 
oat (Somers et al. Biotechnology, W.\5%), ^ 

n, r u it™ 7-469 (1988), the entirety of which is 
bY reference); orchardgrass (Horn et al, Plant Cell Re P . 7.469, ( 

^^^^^^^^ 
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b y reference,, ana c, a,.. BWTccn*** ^ * — » * "** * 

bcrem incorporated by .fence; US Pa.cn, No. 5.63I..52. ** ^ "< * *™ 

incorporated by reference. 

Assay, for *ene expression based „n the transient expression of Coned nuclcc acid 
consrructs have been deeped by inking rhe nude.c ac,d molecules into plan, cells by 
^ethylene glyco, Cectroporauon, or pani* bombardment .Marcotte, „ „, A,,.- 

,,,-454457 (.988,. .be entirety of wnich ,s herein incorporated by reference; Marcotte, at. 
,,„„, «. ,.-523-532 (.989), *e cnfire.y of which ,s herein tncorporated by reference; McCariy. 
a „, Ce„ 00:895-905 ( .99 a -he entirety of which ,s here.n incorpora.ed by reference; Hatton, 
« a L, De, 6.609-6.8 . .992). ,he en.ire.y of which is here.n incorporated by reference; 
Ooff „«, EMBOJ- 9.25l7-2522<,990,.thee„,ire,yof which ,s herein incorporated by 
Terence). Transient express systems may be used to functional., d.ssec, gene constructs 

(1995)). 

Any of ,he nuc.etc acd mo.ecules of rhe present ,nven,ion m ay be induced info a plant 
ce ,„n a permanent or irans.en, manner ,n c„ m bina,ion with ofher generic e.ements such as 

inv e„„o„ may be tntroduced ,n,o a p.ant cel, ,n a nranner rhar allows for over expression of ,be 
pro ,ein or fragmen, thereof encoded by the nucleic acid molecule. 

Nucleic acd molecules of the present invention may be used in compression. 

endows gene or gene family by the expression of a homologous sense construct that ,s 
cap ab,e „, transcribing mRNA of the same s.randedness as ,he ,ranser,p, of the endogenous gene 
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■ . f ,vhi,-h k herein incorporated by 
• , di ,r,ll >-»79-->89 ( 1990), the entirety ot uhich is ncicn. 
(Napoli rf a/.. PUmt Cell l- u -*f\ 

, n „ d by reference, Co^.on m ay - - —on w„h a s,n S ,e 

, , ?4„5 475 <IW> iheenlirel, of w-h.ch is herein incorporated by 
(Prolls and Meyer, Plmi J. 2:465-475 

— ous pronroters .ay res., , - —on o f ,he H- .nes fV.cheret. C, 

M i™ 0994,,. ,he entirety o f which ,s herein incorporated by 

ei , p , , 3M4 8. ^ Made,™. Ncthcrtands , . 994,. *. cn.i-y of which ,s hercn 

incorporated by reference). 

Ius — 1 ba,one„ rm „reof l hen U e 1 e,c a c, d sof t hep r = S en t ,nven„o„, 1 nc«n g 
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such transcnptton resuhtng ,n the co-suppresston .f an endogenous protct, 

material (Mo, « ... ^ , W 0, - en,,,,,, of wn.cn ,s herein .unrated 

_ lge „ eIoblock n S e xpreSS ,o„an d c re a,ea mU ,an,ce,n,ne„,o, g an, S n,in„K,c h , h e,eve,o, 

advantages over other Averse genetic' approaches. The stte oT ,ac,ivat,on and „s 

• Plenum 49- 

63 (1989) the enttrety of which is herein incorporaled by reference). 

The pnncip.e of relation b y anhsense RNA is ,hat RN A tha, is co.piementary to the 
lar8etmRNAl s,n,roduced,n,„cc,,s,re S un,n g ,ns P ec, f ,e R NA: R NAdup,e«she,„gfo rm edh y 

„„,,,,», 09m. <ne cn,„e, y of whtch ,s herein .ncorpora.ed by reference,. Under 

one emhod.mcn,, the process ,„vo,ves tne ,n,roduc„on and egression of an anttsense gene 

under a promoter in ,nver,ed ortentatton so tha, the W « compienren.ar, strand ,s 
^^^^^^^^^ 
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^ „■ i , Mnl Biol ^155-184 (1990). the 

wltn , ls ra press,on (Tatayama and ,nouve. Cr,, *v. «* - 

bygromng a,— ^^^^^^ 
^^^^^^^ 

^ rf .*<-^F.^^^'*--- i * 1^,,,,W, " ,,, 

Sance , .447-44S 0997 ,, of i, herein .ncorpora.ed b y For 

d ev=,opn,en t (Ph„,ps« a( .. £ Mi i O^^.-4489-4496( 1 997„. 

Nuc ,e,cac Wm c,ec ul cso flh ep resm ,,nve„,,o nmayb e US eaas^,e, Ant , b o d ,= S 
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• W 

»'« 3S:46| - 4 "" WU 

— cdbyrdC,CnCC ' r c) 

c „„rc,y of which is '"«»T» ra,Cd ^ re ' C,C " ' „ ■ , , s 

Examples of abzy.cs arc. fo, example, sc, forth ,n U.S. 
enhanced by s,,c dnected mtrtagenes.s. Examples 

N , M! 7 „. U S Pa.cn, No. 5,632.990: U.S. Patent No. 5,631.137: U.S. 
Patent No: 5,658,75.i. L.a. r 

ki < <nfi 174' U S. Patent No. 5,3UU,.oa, 
m t 559 518- U S. Patent No. 5,570.1 n, u.a 
; «V> 015; U.S. Patent No. 5.559.5.M. u. 

N , , 98 409' U S. Pa.cn, No. 5,258.289 and U.S. Paten, 
j S Patent 5.318.89T, U.S.Pa.en> No. 5,298,409, U. 

N . « .04 «, ... of wh,ch arc herein tneorporated in thetr enure.y. 
^ ' t ^oodtbatanyof.bcant^esoftbcprese 

„„ h e expressed antibodtes may be ca,a,y.,c. 

,„ addition totbe above dtseussed procedures, practtoncrs are famtltar 

.^ M , P , (e 2 DNA molecules, plasmids, eic.;, g 
manipulation and isolation of macromolecu.es (e.g., 

• and the screemng and isolating of clones, (see for example, Sambrook 
ofrecombmantorganismsandthescree ^ 

• • A Laboratory Manual, Cold Spring Harbor Press ( 19o 
.fa/ Molecular Cloning: A Laboratory „ fwnich 

. , rold spring Harbor Press (1995), the entirety of which 

f e- B.rren ,f a/ G«u>n«* Ana/v** Analog DNA, 1 , Cold 
is herein incorporated by reference, B.rren aL, 

»-«-«-""-'-"-'-"'""":r:;:;ii» 

i„h in SFO ID NO:l, through SbQ iu 
The nucleotide sequence provided in SEQ iu 

h SFO ID NO-0082 or fragment thereof, or complement thereof, 
in SEQ ID NO: 1 through SEQ ID NU.~ia 
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,„ one appl ,„,„„ o f , h ,s — • — sequence o, U. ptesent ,n_an 

— ■ SUd,, - ib,, * i^ • ,, "" 

a nucleotide sequence of the present tnven.ion. 

As use, nerc,, W-T » • > <* ^ °" ^ 

recordi „ gl „ f „ rm a li ononco mpU te rrea aa bl e m e di u m ,o 8 e„e ra te m e d ,aco m pns,n gll ,e 
^ oiidesequenceofthepresemmvemion . Thechoi ceo f , h e,atasto rag es t tuc,u re »,n 
the preseM ,„,en,,on on confer reac* m ed,u m . Tne sequence can * 
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present invention. c w;iled 

The examples which follow demonstrate how 

.. v : d ^ in , romouter readable medium. The exampi 

P ' , , , Mol Biol 775:403-410 (1990)) and 

di AQT ( Altschu et ah, J. Mol. tsioi. -i- 
software which implements the BLAST (Altsc 

, , 7 ,0^07 (1993). the entirety of which is herein 

invention and are useiui f , 

• • testation RNA processing, nucleic acid 
■ Hh.nsvnthesis metabolism, transcription, translation, Ki P 
am ,no acd biosynthes, , restriction , modification, 

and aproteinde g radation,prote,nmodificat,on,andDNAreplic 

n ftv^ nrp<;pnt invention, lne 

" h dW e m e a „ S o fth ec„ m p Ut erWs y s, m s„ f , h e PreS e m ,nve nt ,o„co m pnse SJ 
minimum hardware means oi u a skilled 

central processing unit (LFU),in F 
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suitable for use in the present invention. 

^^^^^^^^ ans 

^^^^^^ 

„ structural molif with the sequence 
based system to compare a target sequence or targe, 

Search means are used to identify fragments or 

■ t on Examples of such software inelude, but are not hmited 
based systems of the present invention. Examples 

:j — » — ~ 

nresent computer-based systems, 
be of shorter length. 
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— --rrrrrr: r:.. -» 

limlt ed to. promoter sequences, c, elements, 

, /- r ~t«i« Hindine sequences), 
elements (prow.. -i-- „ . ,„< , nr receiving a target 

Th s the present mven.ton further provides an input means for 

Thus, the present sequencc 
. data storage means for stonng .he target sequences of the pres 

h , as descried ahove. and an output means for outputttng the 
3 l^of—formatsforthemputa-utputmeans 

, d e„„fied homoiogous seances. A anetv 
^^edtoinputandoutputtn—tnthecomputerW, 

nf homology to the target sequence o. tar 6 et mot 

- —-nr.! — — 

amounts of the target sequence or target m 

the identified fragment. if 

- r ,„ be used to compare a target sequence 
A variety of comparing means can be usea 

s ,„iden„ fyS e q uencefra 8 mc n ,sse q ue„ceo 1 ,hepresent,nven„on. 
mlM he data storage means ,o,den.,,v ihe BLAST and BLAZE algorithms 

• , .„,,„., software which tmplemenl lhe BLAS 
For example., mplementmg sot.v d 10 , de „.ifv open frames withm the 

, , M „, Biol V^-^^ mcmbCa 
„ U c,e,cac,dmo,ecu,es„f.he P resen„nven„on.AsK,,led 
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-,n he used as the search means for the 

^^^^^ ^ MUmoM ^ 

H av,„» now ^cr^y ***b««l *c mvenuon. the same 

J^- > 1 

, • ■ nf the nresent invention, unless specified, 
not intended to be limiting ot the present 

Example 1 

. . _ .., w h : ,vine gnomic fragment .nserts (100- 
B AGs are stable, non-chtmenc c.on.n* ^ms . .. _ 

■ 2 BAC vector. pBeloB AC 1 1. i. denved from .ne endogenous E. 
" sforsm c t c„p y n Umb e r con tro Un dU n, d , r ec U on al o n8i no fDN A 

HI and Sph 1) locatea wm. This vector 

rr ,/ITI -md Eco RI cloning sites. This veciui 
, r - -mther B AC vector contains Hind III and fcco 
nlnntDNA. Indigo, anotnerD/A_ 

plant uiNrt . colonies. 

. • r ,,,-7 aene that allows tor dancer umc 
,tso contains a random mutation in the LatZ gene 

™WPAC) can be used as a large 
As an alternative, the Pl-denved artificial chromosome (PAC) 

^ , *.q 4 89 (1994), the entirety of 

whlch ,, herem ,nco„pora,ed by reference. SuzuV, 

> The PAC vector has most of the features o 
of which is herem incorporated by reference). The PAC 

f lne elements of the bacteriophage PI Con.ng system. 
BAC system, but also contains some of the elemen . 

B^C libraries are generated by Hgaling size-selected restriction digested DNA 

P P A , 0 YAC (yeast artificial chromosome) 

■ - B .xtremelv efficient when compaied to YAC ,ye 
charactenzation is extremely en 
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and difficuUics associated with extracting YAC DNA. 

T here ate two general methods tot preparing n,c g abase-s, Z e ™ <™ ^ ™ 
prolopte ^ yields DNA of N» ^ * — — " C . 

, d, , , 7-175-184 (1995) the entirety of which is herein 
developed by Zhange et aU Plant J. 7. 175 U 

repor ted to contain lower amounts of Ectopias, DNA than the protoplast method. 

.k nm The DNA is purified and manipulated in 
allowing enzymes and buffers to diffuse into the DNA. 

,he agarose and is stable for more than one year a. 4«C. 

O^h.ghmoiecular.eightDNAhasbeenprepared.itisfragmemedtothedesireds.e 

_ , DNA fragmentation utiles W o genera, approaches. „ physical sheanng and 

^^^^^^^ 
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Mc*> and 4) varying the ratio of endonuclease ,o 

■ RploRACll but only Hind III and Bn"' HI produce 5 
There are three cloning sites in pBeloBACU. y 

l0 „ BAC varies. The optima, partial d.gestion conditions lor megabase-s, Z e 0 
incuba.eda.37-Cfor20minu.es 

u •„ UNA the DNA is run on a pulsed-field gel, and 
After partial digestion of megabase-size DNA, 

i_ i ThtQ DNA is li gated to the BAC 
DNA in a size range of I00-500 *b is excised from the gel. This DNA is 

£ ond,,,ons.,uaiesh»epre™u S ,yreported.ha. W or„u„ds„fs, 2 ese,ee.,o n cane,,m,n. 

■th the selected range in the first pulse-field fractionation, 
small DNA fragments co-migrat.ng w.th the selected a 

Su cha,a,g y resu,,s,nan,nerease,„,nsert S , K sa„damoreun,for m ,nserts, Z ed,s,,b U ,„. 
A P rac.,ca,approach,operform,ngs,,se,cct,o„ S ,s,of,rs,,c,for.hen U mberof 

^^^^^^^ 

8Ood(5 „„,„ 2 000wh,,eco,o n ,,m,cro,,,erof 1 iga UO n ) a„d,hes, Z era n ge,sals O good (5 0.o 

, oo ; b)ih£naseconds , zcse ,ec„on,s P ract,ca,. When performing a second s, Z e seleclion one 
espK , sa8 0,o W( decreasc,n,he nU mber„ f reco m b,„a„,c,o„esper,ransformat,„n, 



are 
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.„r,hc sr/c-selccied DNA is li?ated 10 
d BAC vector (molar ratio ofl(> to 1 in vccl ° 

Transformation is earned out dn 

SWraUeSW /^.e^eco^eoUBAC.^er.en.e, 
* hs ,„ de£ o W ^a nd c h ,oro pl a S , DN A- n , 

The determination of the average insert size 

t h to determine the average insert size by 

- — rm — — - 

■ on *n r AC clones per ligation. UNA is 
assaying 20-50 BAG ^ ^ BAC v£Ctor 

, • nuked field gel electrophoresis (Maule, 
and then sized using pulsed tieia g 

. . >h herein incorporated by reference). 
To determine the genome coverage M , crot , ler pla , es containing 

s,„ce each clone is present twice, false pos" 
either a 4X4 or 5X5 orientation. Stnceeach 

„ ,.„iw recosnized and identified, 
ehminated and .me positives a,e easily.ee . 
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t , m l tcdbvhvbridi/.ing three 

hybridization filers. ^ eMmp|c , higher 

..rallies for isolating rare sequences wtlhm „ 

i„,izefrom 100Mb/lC(A ra l>.*P»> M 15J0 

...... „.,„ 0 ,„ 8 . 2 I, «».>. *e enttrety of 



pUm , genomes can range .nstze, rem ^ 

. w^anathananraEarie.P-M""*'^- 208 - 2 ' 909 

. .., „_p,.a,ed lw reference), ineimu 

m ^^rcprcsentcCnagenontrOt^rsN^OMi- 

— DNASCqUenCC fed Pisl hc prob a W .,acs,re (i ,o g et, h e 

, , s ,„„,„„„,„ of the average clone tnserun base pa.rs 
WgelSeqUenC .;, a r k e f ,...«— 0 ( , 9TO -n t ,re, y of* h ,s h ere,n 

genome length in base pa.rs (Clarke 

.ncorporated by reference). pBe loB AC 1 1 or 

han BAC library of the present Mention is constructed ,n the p 
The soybean BAChb 

t r inserts are generated by partial Eco RI or othe 
similar vector. Inserts g Qf ^ 

„ Itivar A3244. The library provides approximately twenty 

from the cultivar 

soybean genome. 

Example 2 

denlified usine a cascade of BLASTX, followed by BLASTN 
Nueleie acd sconces are tdent.lted u- . 

„ h e BLASTN compares a nucleotide query sequence . 
protein sequence database. BLAMIN 
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database. Matches found with BLAS 



i th-in 1E-8 (probability) 

ST P-valucs equal 01 less than il i 



sequence 
are classified as hits 



Example 3 

Nall . Acad. Sa.lt .S.A.I of railiolsotopes w „„ 

referenc , Auloma ,,o nan a*«es, n « SU c h a S ,e r p 

. ^ the effort required to sequence DNA 

a , , , (USA )92 . 4 347-4351 („«),. he e n »re„ of -,ch, sh =rem 

T h„r and R.chardson, Proc. Nall Acad. Sa.iU.SAI 
b>refere " Ce;Tjb , dbvreferencc) A^aLed severs are ava,,*^, 

r uv„i 5 herein incorporated by reterencc;. 
entirety of which is herein v 

, Npw Jersey (Pharmacia ALh), u 
■ rwprh Inc P scataway, New Jersey v 
w pvamnle Pharmacia Biotech, int., r 

BaseStation). ^„r P d the effort required 

■ „,rv ael electrophoresis have also reduced the 
In addition, advances in capillary gel elect. , 

, de a, •ap.dh.ah resolution approach for sequencing 

„ nNA and such advances provide a upiQ m b 
to sequence DNA and s /fi . 141 s-l419 (1990); Smith. 
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^ • 77-18^-1859 (19%V. 

(1997 , a „ „ t wn.cn « • inc , uding fluoresc e„ceW 

, ■ „n-,ree volumes ot sequence a* 

^ — "» "* ~*» °' 8 D , v Foster «, CA, a.- S *. -~ 

„ . A r ^PdRiosvstemsDiv.,fosi 

eMWv ,e«e d .s t ored, and an*z=d using . h e 

v w York the entirety ot whicn is . 
Harbor, Nevv YorK, -i^ 

Example 4 ^ 
repealpal ,e m - W ^- t e d ^s,n g aPe rt 8 ^ ^ 

Mo „ sa „,o. .^^conu.ns^p^o , ' ^ _ „ ucleollde rep ea, 

Thp length of di-, tn-, teua , y 
K ^^^ _ a ,. eusedt0 ,a reh a g a, nS U h e 

rj i AS 7N program, " the stai^ 



cda ,,cn,c™,o« m c, P o,c n ua 1 SS RS l rom 
^..CG.nandiAT,, P,* lS co« > ■ 

Th£SSR -con,am,n N - 

• a BLASTN, and clustering 
as «„ as the * SR » llK,i0 " S * " ° , Thc mimma , match-length ,s sc, 

- niOTE* a too. developed a. Monsanto. Them 
formed b, us,, CLUSTER-. ^ ^ ^ ^ ^ ^ lh£ „ passed 

lhrough av,s, H e te pee ti on,o ( -c rrem o«. h ose 

' J*^' PRIMER 1. (Ca*idge. MA) i. ^ P RIME 

de si g n software prolan, PR^ ^^^^^^ Defa-H 

--mte^r^^^ 

parameters are used except those for product size ™^ Max: 27. Oligos are 

■ , 1 „GenosisB.o.echno.o g ies,.nc(Hous.on,Texas,. 
Sy " ,h lsareU sed,od«e,„ppn m ers f romSe qU e„c=-d 

^protocols are, ^ ^sitio, 

OM.M0 2 ^-B0 7 M R _MRcon,a,n,n g ,he f o l .o . TCTATcoACTcAT 

AGGCGT^CCTTG^ 

tmcaccM0CTCG0T0AG c^ 

tcatcgatattntagnagagaccaa ^^cccccacaatag 

XTGTAArrATCTTCAA^AXOTCCAAAAAGn- C0QAGAA 

ACATGATCTAnGTG^OTTCG^^^ 
TTCTTCTTCTTCATTGACCACAATATTATCCAACICAA_ 
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. GACTrr o A c? ANA o T c A o ATC o T occ T c ATO acT TT c A rr A c ATT oo A c 

, ,,„, CTT ^nucleotide repeats wilh a repeat un,t 
this sequence contains CTT qxGTCTTTCGG A TGCTTCTTCT and 

Primer 3 p V„, two ^ ate selected. ^ ^ ^ 

^ . \ rrrr, A When these two pn mers ai c 

— rr — — — 

Genomic DN A fl m2) from a heallhy ,eaf and stoted on «„ee ot 

Xw o,eafdiscsareco„ected(approx,ma<el y 40mg> ^ ^ ^ 

al4 ^ T , ss nesa m p 1 esa re , h e„ f tee K -dt,eda„dstoteda,.-0C 

b ,e and sealed ftom contact ».n.ne atmosphere. Tnetreez 

are kept as dry as possible and or 
f , 0 . C or -S0»C are allowed ,o«armap to room temperature pno 

samples from -20 Cor . 5ml Eppendorf tube. pl«d on dry ice, 

n ,,,flet (or ' leaf discs) is insetted into an 1 -5ml Eppe 
opening. One leaflet (or. extraction 

, dowel Approximately 200 til of microprep buffer (25 

a „d cashed with a wooden dowel. A pP ^ (M 

, n ioj rTAB) 10ml5%sarkosyl,0.1gNaDis 
Tns/ HC,,0.5ME D T A .5MNaC,2*CT A B,, 

u The samples then homogenized. A n additional 550 m of 
each sample. The samp ^ ^ About 

A tor about 10-60 seconds, and incubated at 65 
added, vortexed lor about . Centrifugat.on 
, mvl n4 1) is added, mixed well for about 10-30 seco 

70 0p,chloroform,,soamyl<-4.l> , minu ,es ,n a mic-ocentnfuge. The 

o(the(ub£S1 sperformeda,a P pr„x,ma,e,y,0.000rpm,or5m,n 

a q „e„ US phasc,s,ans f e m d,„toa„ew.ubeand RNA , S -ed,rom,h 
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minutes in a microceniniu e 

^ ■ un nHROOl mM EDTA , then kept 

minutes. The UlN a is. d. s so.,eai 

,- t - of the tubes is performed at approbate,* 10,000 rpm for 5 
overnight at 4°C. Centntuganon ot the tubes p 

. tr , mf erred into new tubes. Using this method, 
minutes and then the supernatant .s transferred 

appro *,matel y 2^ 

■ Temnlate DNA at a concentration of 15 ng, 
, ni ^ 0u , The reaction mixture contains: Template UNA 
reaction is ^ u.. i-^' 

The PCR is performed on a Perkin mm 

^ /n °r for 9£ 5 second and 
i f QA°r for ^5 second, 4 / ^ mi a 
cycl eprofile: h o,da,94Xfor 3mm ,32cyc,esof94C f or. 5 

r o Cfor25 SCOT d. and 72 -C for 3m,n of final MU»»on. 

, , fi , ml water « mMOx TAB buffer. 10.5 ml 40 
A „ acrvlamide gel Is prepared us.ng 56.5 ml 

To each PCR, saw^* 
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i-21( 15786)A 



,, lct ,„Uo. each samples loaded onto, he gel. 
^^^^ 



for 3minutcs W iiha4»Choldinaihcrmocy 



VI 



aorous shaking. A Gel imag' 



,e is 



recorded using an Alpha-InnoTech image, 



Example 5 

,0 bases ,n the repea.ed clonals pan of ,he REPEAT program 
out „ f every con.iguous 20 bases 

«r, ihp RFPEAT program is run on the STCs, a KbrtA 
atgorithm. After the REPEAT p ^ 

. e the GCG FINDPATTERNS program. Sequences of s, Z e „9 are allowed no 
library using the GCO ^ 

matches. T*^--— «— • P atlem 

. , . . nn STCs are selected in this step. 1 he 
(n/20) mismatches. Patterns tha, occurred ,„ a, .as, ,00 

i nrocessed with the UNIX utilities grep. sou and 
lu of the FINDPATTERNS program is post-piocessed w 
results of the FIND ^ sequcncc 

u „, q and »i,h the CCO REFORMAT program to produce se, 

grWP - . 0 Pa „e mS are 90, s.nrilar hefore they are ahgned and the 

similar sequences of each size group. Patterns 
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, Mcm ove.ap * - ^ .«» *** I .He ^ Ion,, in-Mr*** ^ 
GELSTART p.. _ . suMirccwy ^ ^ - MM* ^ Uk 

slyle „ .. — - *■ - REPEAT-MASKER U - » »* 

lhc on8 , na , STC , Th e U — se^ces « »- *«- - «— * »» » 

i fn the STCs using NCBI BLASTN version 2.0. HSPs are 
The repeat library is compared to the S 1 Ls usin fc 

reported if they satisfied the criteria of: 

, tr ,u" "'lllnwed fractional match" 
"observed fractional match >- allowed 



where 



"observed fractional match" is defined as: 



"fraction of HSP similarity" * "fraction of query sequence in HSP" 



and "allowed fractional match" is defined as: 



("repeat length" - "floor (repeat length/20)" )/"repeat length" 
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